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CHAPTER 1: GENERAL INTRODUCTION 
 
Thesis Organization 
This thesis composed of three chapters. Chapter one presents a general 
introduction and review of splicing, alternative splicing, splicing-related proteins, 
and methods used for identifying splicing-related proteins. This general 
introduction provides a broad overview of the current knowledge of splicing-
related proteins perspective and background for research work presented in this 
thesis. Chapter two describes an identification and survey of splicing-related 
proteins in 10 plant species, which include our work to be submitted to Genome 
Biology. This chapter provides the conserved and species/clade specific splicing-
related proteins in plants, and novel splicing related proteins that have not been 
reported in the previous research. Our survey on splicing-related proteins 
provides the information of these genes in details about duplication ratio, 
frequency of alternatively spliced events, common intron positions and types. The 
final chapter includes a general conclusion of the research studies and suggests 
possible directions of the future studies in this area. 
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Literature Review: Splicing-related proteins 
 
10 plant species 
In our study, we research 10 plant species including six dicots 
(Arabidopsis thaliana (At), Glycine max (Gm), Lotus japonicus (Lj), Medicago 
truncatula (Mt), Populus trichocarpa (Pt), and Vitis vinifera (Vv)), three monocots 
(Rice Oryza sativa (Os), Sorghum bicolour (Sb), and Zea mays (Zm)), and one 
moss (Physcomitrella patens (Pp)). Among these 10 plants, there is one non-
flowering plant (Pp), and three legumes (Glycine max (Gm), Lotus japonicus (Lj), 
and Medicago truncatula (Mt)). 
Arabidopsis thaliana is used as a model organism of the flowering plant in 
basic genetics and molecular biology research, which is the first completely 
sequence genome [1]. There is a well-established system in Arabidopsis to 
identify genes that are related to the crop improvement. Vitis vinifera (Wine 
Grape) is an important fruit crop, which is significantly different from Arabidopsis, 
Poplar, and Medicago in various developmental features [2]. Populus trichocarpa 
(Poplar) containing 8000 of 45,000 putative protein-coding genes, is an ancient 
polyploidy. It has been duplicated from the divergence of Populus and 
Arabidopsis, but the evolution of Poplar, including nucleotide substitution, gene 
duplication, and chromosomal rearrangement, is much slower than Arabidopsis 
[3], which might be due to the longer life cycle in Populus. 
The legume Glycine Max (Soybean) is also an important crop plant in 
genetics and molecular biology, which have the ability in nitrogen fixation. Glycine 
max went through lots gene diversification, loss, and chromosome 
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rearrangement, which resulted in a high ratio of gene duplication. It has been 
reported that nearly 75% of Glycine max genes have duplication events [4]. As 
another model of legumes, Lotus japonicus is important to legume-specific 
genetic research like nitrogen fixation. The genome sequencing on Lotus 
japonicus proposes that it has whole-genome duplications and synteny blocks 
with other plants [5]. Medicago truncatula is a model of legumes to improve 
important forge and grain legumes, which is quite different from the other two 
legume species. Medicago has a relatively small, diploid genome, which is very 
useful in genetics and molecular biology. In addition, the self-fertilization, large 
amounts of seeds, easy transformation, and suitability of revere genetics 
experiments make it an excellent model for the legumes research [6].  
Oryza sativa (Rice) is an important cereal monocot, which has been 
completely sequenced. There are 32,000 to 50,000 genes predicted based on the 
assembled sequence [7]. And it shares a large number of known homologs of 
maize and wheat, which provides a research foundation for the improvement of 
cereals. As another monocot model, sorghum bicolor (Sorghum) is an African 
grass used to make ethanol, which is much better than sugar cane and maize. 
There is one member of duplicated gene sets lost in Sorghum before the 
speciation between sorghum and rice [8]. The genome of Sorghum has been 
retained for seventy million years, but there is a new duplicated chromosomal 
segment emerged around million years ago [8]. Zea mays (maize) is an important 
crop plant and monocots model for the biological research. There are more than 
32,000 genes predicted in maize, and 99.8% of them are placed on reference 
chromosomes. It is interesting that 85% of the genome is composed of hundreds 
of families of transposable elements [9]. The analysis of gene duplication and 
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genome on maize provides investigators a new perspective to improve 
agricultural features of maize. 
Physcomitrella patens (Moss) is an important model of the research on 
non-flowering plant, which diverged from flowering plant and unicellular aquatic 
algae more than 400 million years ago [10].  It is also an important resource of 
non-flowering plants for the phylogeny research about gene function and gene 
evolution in whole plant kingdom.  
 
Pre-mRNA Splicing 
Eukaryotic genome contains exons and introns that are spliced out during 
the pre-mRNA splicing process. Pre-mRNA splicing process, as an important 
post-transcriptional process, changes the components of exons and introns of 
mRNA to generate different transcripts that will be translated to proteins [2]. 
Splicing can occur in constitutive splicing or alternative splicing, including exon 
skipping or cassette exon, mutually exclusive exons, alternative donor site, 
alternative acceptor site, and intron retention [11], which takes place in 
spliceosome,  the most complicated complex in the cell [12]. The typical intron 
has the consensus sequences with GU at the 5’ end and AG at the 3’ end in 
major introns [13], and AT at the 5’ end and AC at the 3’end in minor introns [14]. 
Another consensus sequence of introns is a branch site near the 3’ end, which is 
always an A at the branch point [13]. Alternative splicing is considered as an 
important mechanism for increasing the diversity of proteins and control of gene 
expression without a high complexity of genomes in eukaryotes.  
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Regulatory elements and proteins 
Splicing is regulated by cis-acting regulatory sites including silencers and 
enhancers, and trans-acting proteins including repressors and activators. And it is 
also regulated by RNA secondary structure [15]. Splicing silencers are the sites 
that splicing repressor proteins bind to, which are useful to reduce the probability 
that a nearby site will be sued as a splice junction. Splicing silencers occur in two 
types, i.e. intronic splicing silencers (ISS) and exonic splicing silencers (ESS) 
[16]. The splicing enhancers are sites that splicing activator proteins bind to, 
which is useful to increase the probability that a nearby site will be used as a 
splice junction[16]. There are also two types of splicing enhancers, i.e. intronic 
splicing enhancers (ISE) and exonic splicing enhancers (ESE). Most of the 
activator proteins that bind to ISE and ESE, are members of the SR proteins, 
which contain RRM domains (RNA recognition motifs) and RS domains (arginine 
and serine-rich motifs) [17]. 
The SR proteins (serine/arginine-rich proteins) are required for constitutive 
splicing and alternative splicing, which consist of one or two RRMs and a RS 
domain. RRM domain is rich in SR proteins involved in regulating and selecting 
splice sites in eukaryotic mRNA. The functional role and the evolution of RRM 
domain of the SR proteins in Arabidopsis have been extensively studied [18]. 
However, their evolutionary relationship in multiple plants has not been studied 
clearly. The observed differences of mRNA maturation between plants and 
metazoa are resulted from the high complexity of RRM containing proteins. And 
about half of them have no identified obvious homologs in metazoa [19].  Gene 
duplication proceeds to divergence of gene function and speciation; However, 
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domain duplication within genes might further increase the diversification of the 
gene functions [20].  
In addition to cis-acting RNA sequence elements, splicing is catalyzed by 
trans-acting factors -- spliceosome containing five small nuclear RNAs (U1, U2, 
U4, U5, and U6) and more than a hundred core proteins [16]. In addition to these 
core factors, other regulatory proteins are also required for the splicing of 
particular pre-mRNA. Most of introns are spliced with interactions between the 
splicing regulatory factors and the core factors. Spliceosome has two types, 
major spliceosome and minor spliceosome. The major spliceosome consists of 
U1, U2, U4, U5 and U6 snRNPs, splicing out introns with GU at the 5’ splice site 
[13] and AG at the 3’ splice site. The minor spliceosome consists of different but 
functionally similar U11, U12, U4atac, U6atac snRNPs and common U5 snRNP 
with major spliceosome, splicing out introns with AT at the 5’ splice site and AC at 
the 3’ splice site [14].  
Spliceosome assembly begins with the binding of U1 snRNP to the 5’ 
splice site of the intron, which is stabilized by SR proteins and U1 snRNP [21]. In 
addition to the U1-5’SS interaction, other snRNPs including SF1/BBP and U2AF 
are also required for the stabilization of the RNA-RNA interactions by binding to 
spliceosome assembly [18], which is called the spliceosomal E complex. It is 
important in initial recognition of 5’ splice site and 3’ splice site of introns. After 
that, U2 snRNA binds to pre-mRNA, which form the A complex [22]. This is 
stabilized by the U2 snRNP and U2AF64 protein [23, 24]. After the formation of 
the A complex, U4/U6 and U5 snRNPs are recreated and form the B complex, 
which is inactive for splicing [25]. It is activated by the release of U1 and U4, and 
then undergoes the first step of splicing, forming the C complex [26]. It releases 
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the mRNA, U2, U5, and U6 snRNPs after the second step of the splicing[27]. The 
released U2, U5, and U6 will be used for additional rounds of splicing [12, 26].  
In addition to protein-RNA interactions, protein-protein interactions play 
important roles in splicing as well. It is reported that human spliceosome contains 
a total of 170 spliceosome-associated proteins and 125 assembly-intermediate 
proteins [28]. It is also known that flexibility and specificity of RNA splicing can be 
regulated by numerous non-snRNPs proteins [29].  
The spliceosome compositions are conserved in human and yeast [30]. 
The genome-wide study on Arabidopsis also presents highly conserved splicing-
related proteins in Arabidopsis and human [31] based on their numbers. The 
evolutionarily conserved spliceosome consists of around 100 proteins in human 
and Arabidopsis. Due to limited study of spliceosome in plants, the splicing-
related proteins in plants are rarely known. However, with more plants 
sequencing and annotation available, a genome-wide analysis on splicing-related 
proteins in plants is becoming accessible. The number of proteins of the 
spliceosome that are required for maintaining for step 1 splicing (C complex) 
consists of about 35–40 proteins [16] and almost all of them are conserved in 
yeast. And almost all spliceosome-associated proteins are conserved in 
Arabidopsis [17], proposing the question of components of splicing-related 
proteins in plants. In our study, almost half of splicing-related proteins are 
conserved in 10 plants and more than 70% of splicing-related proteins are 
conserved in at least 9 plant species. Thus, networking of the spliceosome in 
plants and animals appear to be highly conserved across evolution. 
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Homolog, Paralog, and Ortholog 
Homolog is a group of genes evolved from a common ancestral DNA 
sequence. Orthologs and paralogs are two different types of homologs [32]. 
Orthologs are genes in different species that evolved from a common ancestral 
gene by speciation[33]. Paralogs are genes that duplicated within the same 
species [34]. Normally, orthologs retain the same function, while paralogs evolve 
new functions that might be related to the original ones, in the course of 
evolution. Gene functions can be predicted by the identification of the orthologs in 
newly sequenced genomes.   
Several methods have been available to identify orthologous proteins in 
different organisms using diverse algorithms. They can be classified as BLAST-
based methods (high sensitivity) and tree-based methods (high specificity) [35]. 
KOGs (Eukaryotic Orthologous Groups) is a orthologous database for seven 
complete eukaryotic genomes, which uses BLAST reciprocal best hits (RBH) 
between three proteins from different organisms [36]. This makes the resource 
difficult to update and extend. INPARANOID is improved on RBH by the inclusion 
bootstrap confidence values [37].  OrthoMCL is improved on RBH by the 
inclusion a normalization step [38]. It implements the Markov Cluster algorithm to 
identify orthologs and recent paralogs, which is more scalable than the other 
existing methods for constructing orthologous groups across multiple eukaryotic 
taxa. The INPARANOID can only be used for two genomes, but OrthoMCL can 
be used to cluster orthologs from multiple gnomes. HomoloGene is a BLAST-
based method for the homologs detection among the annotated proteins of 18 
eukaryotic genomes, including both curated and calculated orthologs. So far, it 
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can only be used to identify homologs in animals [39]. TreeFam [40, 41] is a tree-
based method for identifying orthologs. A gene tree will be fitted into the species 
tree in order to find duplications, speciation and losses events. This information 
can be used to identify the ortholog-and-paralog relations. OrthoMCL is much 
more efficient than TreeFam based on our study.  
  
Intron Positions 
In addition to conserved splicing-related protein sequences in multiple 
species, another feature of orthologous genes is a higher degree of intron 
position conservation compared to non-orthologous genes [7], which indicates 
that introns can maintain their position over long evolutionary timescales. The 
research on intron positions and types composed of major spliceosome intron 
type  (U2 intron) and minor spliceosome intron type [42](U12 intron) among 
orthologous genes in multiple species could be possible to enable us to figure out 
the intron and gene evolution within or between plant species and the 
species/clades specific intron positions or types. CIWOG [3] is the software that 
can display common introns positions and types within orthologous genes. It can 
also identify special intron positions with GC- or U12 donor sites, which can help 
us to analyze the intron evolutions and their relations with other genes [43]. Malin 
[8] is the software for the analysis of eukaryotic gene structures. It can provide 
the identification of homologous splice sites, computation of primary statistics 
about introns, and the estimation of intron loss and gain rates.  They enable us to 
analyze intron positions, types, intron loss and gain in the evolution course. 
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Statement of Problem 
Pre-mRNA processing is now known to be common in eukaryotic genes 
containing introns that are spliced from precursor mRNA. The correct 
interpretation of splicing signals is essential to generate authentic mature 
mRNAs. Spliceosome, as the most complex macromolecular mechanism in the 
cell [13], is composed of specialized RNA and protein subunits that remove 
introns from transcribed pre-mRNA segment.  Although the splicing mechanisms 
in plants and human appear to be similar, but plant-specific characteristics may 
exist in plants. The splicing-related proteins in animal, particularly in mammals, 
have been well studied, while the studies on plants are rare [44]. The only 
systematically researched plant about the splicing-related proteins is Arabidopsis, 
which used the method of the domain or motif searches [31]. Orthologous genes 
tended to retain their functions in the evolution process [45].  So by identifying 
orthologous genes in multiple species, the function of specific group of genes 
could be predicted. With the rapid increase of sequencing and annotation of 
plants, more plant species are available to identify pre-mRNA splicing-related 
proteins by using the method to compare protein sequences and domain 
sequences. Our purpose is to identify splicing-related proteins using the method 
to search orthologous genes in 10 plant species, and further survey their 
properties. 
11 
 
Hypothesis, objective and specific aims  
Our major aim is to identify and survey orthologous genes and 
inparalogous genes of the pre-mRNA splicing related proteins in 10 plant 
species: Arabidopsis thaliana (At), Glycine max (Gm), Lotus japonicus (Lj), 
Medicago truncatula (Mt), Rice Oryza sativa (Os), Physcomitrella patens (Pp), 
Populus trichocarpa (Pt), Sorghum bicolour (Sb), Vitis vinifera (Vv), and Zea 
mays (Zm).  
 
Aim 1: A database of splicing-related genes in 10 plants species 
We provide a web-accessible database containing the splicing-related 
proteins in 10 plant species and their associated information. Our database is 
designed to display gene families, homologs of human, homologs of Drosophila, 
gene names, gene structures about introns and exons information, chromosomal 
locations, strand directions, protein domains, and common intron positions. We 
make all of our results available in the database for researchers to easily find 
their interested proteins and other related proteins. 
 
Aim 2: Classification of splicing-related proteins  
The identified splicing-related proteins are classified into 5 categories: 
major snRNPs proteins, splicing factors, splicing regulation factors, novel 
spliceosome proteins, and possible splicing-related proteins. We study the 
functions of the splicing-related proteins in each category, and summarize our 
results on the web site. 
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Aim 3: Identification of Conserved and species/clades specific 
proteins 
Based on the classified categories, the conserved and species/clades 
specific proteins in 10 plants can be also identified. This result can help 
researchers to understand their major functions in each category and find 
interested specific proteins.  
 
Aim 4: Duplication of splicing-related proteins 
Gene duplication is the major source of new genes and new functions, 
which is also studied in our project. Plants have more duplicated genes of the SR 
proteins than human and other animals. In this thesis, we focus on two important 
questions. For each species, how many duplicated genes are there in pre-mRNA 
splicing-related proteins? And are the ratios of duplicated genes in 10 plant 
species following any particular patterns? For example, do monocots have more 
duplication events than other species?  
 
Aim 5: Frequency of alternatively spliced events in splicing-
related proteins 
Previous study has shown that the splicing-related genes have higher 
frequency of alternatively splicing events than other genes in Arabidopsis [46]. 
Does this case happen in other plant species? And do they follow any pattern, for 
example, monocots have higher frequency of alternatively splicing events than 
other species? All these questions can be answered using our database to 
understand the alternative splicing in plants. 
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Aim 6: Conserved intron positions of splicing-related proteins 
The residence of spliceosomal introns within protein-coding genes can 
fluctuate over time, with genes gaining, losing, or conserving introns in a complex 
process that has not been entirely understood. One approach for studying intron 
evolution is to compare introns with respect to the position and type within 
closely-related genes. We use the CIWOG (Common Introns Within Orthologous 
Genes) to study the conserved intron positions of splicing-related proteins in 10 
plants. 
 
Contribution 
Our study on identification and survey on pre-mRNA splicing-related 
proteins in 10 plant species is the first report on genome-wide study on splicing-
related proteins in multiple plant species. The detailed information of splicing-
related proteins, species/clade specific splicing-related proteins, comparisons of 
these proteins among 10 plant species, and intron evolution among orthologous 
genes will provide plant researchers a genome-wide platform to learn splicing-
related proteins, and will guide their future research on the genes of interest.   
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CHAPTER 2: IDENTIFICATION AND SURVEY OF pre-mRNA 
SPLICING-RELATED PROTEINS IN 10 PLANT SPECIES 
 
Modified from a manuscript to be submitted to Genome Biology 
Liping Chen1, Volker P Brendel1, 2, 3  
Abstract 
A total of 3545 splicing-related proteins in 10 plant species are identified 
by the sequence comparison and Markov Clustering method (OrthoMCL) [38, 
47], including 412 proteins of Arabidopsis thaliana (At), 579 proteins of Glycine 
max (Gm), 248 proteins of Lotus japonicus (Lj), 296 proteins of Medicago 
truncatula (Mt), 316 proteins of Rice Oryza sativa (Os), 330 proteins of 
Physcomitrella patens (Pp), 430 proteins of Populus trichocarpa (Pt), 307 
proteins of Sorghum bicolour (Sb), 270 proteins of Vitis vinifera (Vv), and 365 
proteins of Zea mays (Zm). Classification and detailed information on common 
intron positions, gene duplications, gene structures, domain structures, and 
chromosome locations are accessible on the Splicing-Related Genes Database 
(SRGD [48]) web site.  
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Rationale 
Comparing to ‘one gene-one polypeptide’ in prokaryotes, splicing expands 
the diversity of proteins in eukaryotic genomes to produce different properties 
and functions, which generates variable isoforms to produce different properties 
and functions by changing the components of exon and intron of the same mRNA 
in higher eukaryotes. Splicing can happen in constitutive splicing or alternative 
splicing, which occurs in a spliceosome and is the most complex macromolecular 
machine in the cell [13, 26]. Alternative splicing includes exon skipping or 
cassette exon, mutually exclusive exons, alternative donor site, alternative 
acceptor site, and intron retention [49]. The spliceosome has two types, i.e. major 
spliceosome and minor spliceosome [13, 50-52], which composed of different 
small nuclear ribonucleoproteins (snRNPs). The major spliceosome consists of 
U1, U2, U4, U5, and U6 snRNPs [21, 27, 53], which removes introns containing 
GU at the 5’ splice site and AG at the 3’ splice site. As members of SR proteins, 
U2AF and SF1 [24, 54] are also required for the assembly of the major 
spliceosome. The minor spliceosome [14, 55, 56], containing the same U5 
snRNPs and different but functionally similar snRNPs U11, U12[42, 52], U4atac 
[57, 58], and U6atac [57, 59], removes introns with AU at the 5’ splice site and 
AC at the 3’ splice site. The accuracy of removal of introns from precursor 
mRNAs requires complementary cooperative binding among multiple splicing 
regulators and cis-acting sequences, like factors in recognition of splice sites and 
snRNPs proteins conjunction with numerous non-snRNPs proteins [60]. The 
trans-acting factors consist of splicing activators that activates the binding 
between trans-acting factors and cis-acting sequences, and repressors that 
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suppress the assembly of snRNPs onto splice site or other non-snRNPs proteins 
[61]. The trans-acting factors are required to both constitutive splicing and 
alternative splicing, but have been very few known about their specific functions 
in participating in alternative splicing or constitutive splicing.  
 The splicing-related proteins in animal, particularly in mammals, have 
been well studied, while the studies on plants are rare [44].  Splicing-related 
proteins in other species can be identified by finding orthologous genes, which 
are in different species but originate from the common ancestor [62]. Because 
orthologous genes tend to retain their function in evolution process, the function 
of specific group of genes can be predicted by identifying orthologous genes in 
multiple species. For example, a total of 395 splicing-related proteins were 
identified in Arabidopsis [31], which contain conserved splicing-related proteins in 
both Arabidopsis and human, and splicing-related proteins identified only in 
Arabidopsis, suggesting that it might due to adaptation to environmental stress 
that plants need to face [18, 31, 63-66]. Even though splicing-related proteins in 
Arabidopsis were identified by sequences comparison with human known 
splicing-related proteins, the distribution and conservation of splicing-related 
proteins in more plants have not been clearly studied. Fast genome sequencing 
and annotation on plants provides us an effective way to study splicing-related 
proteins in more plant species on a genome-wide platform. More plants were 
used to identify potentially splicing-related proteins and analyse their properties, 
providing plant researchers or other researchers related to splicing area a new 
perspective to figure out the functions of specific proteins, for example, plant 
disease or stress tolerance related proteins, in multiple plants and their 
cooperation in splicing process. 
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Our research on 10 plants presents the potential all or nearly all splicing-
related proteins using computational analysis. A total of 412 splicing-related 
proteins were identified and surveyed in Arabidopsis using sequences 
comparison and motif searches [31, 46]. Here we present all identified splicing-
related proteins in 10 plants including Arabidopsis using sequences comparison 
and Markov clustering method (OrthoMCL) [47]. As shown in Table 1, we have 
identified splicing related proteins from 10 species, including 412 proteins of At, 
579 proteins of Gm, 248 proteins of Lj, 296 proteins of Mt, 316 proteins of Os, 
330 proteins of Pp, 430 proteins of Pt, 307 proteins of Sb, 270 proteins of Vv, 365 
proteins of Zm. Among these splicing-related proteins, more than half of them are 
duplicated proteins and particularly almost all proteins of Glycine max are 
duplicated. All splicing-related proteins are classified into families based on 
corresponding families of their orthologs in Arabidopsis and orthologous clusters 
from OrthoMCL [47].  More details about gene structures, chromosome locations, 
human homologs, and domain information are available on the web site of the 
Splicing-Related Genes Database (SRGD) [48]. The information of conserved 
genes in all 10 plants and species/clades specific genes are also available on 10 
separately constructed tables with each species at the first column and nine 
following species on SRGD [48], providing a genome-wide study on the splicing 
in plants. 
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Results  
SRGD: a database of splicing-related genes in 10 plants species 
Our web-accessible database containing splicing-related proteins of 10 
plants species and associated information of these proteins is available at the 
SRGD web site [48]. It displays gene families, homologs of Homo sapiens and 
Drosophila, gene names, gene structures, chromosomal locations, strands 
direction, domains, common intron positions and types are accessible via a 
Group function on SRGD web [67] Species/clade specific splicing-related 
proteins are available at [68] site. Detailed gene information is also viewable by 
link to PlantGDB search [69]. All gene information can be searched by either 
concerned species or concerned groups.  Species/clade specific splicing-related 
genes are also available at the SRGD web site [48]. Novel splicing-related 
proteins (Table 2) and detailed information are accessible at our web pages [70]. 
Common intron positions and intron types among counterparts of all homologs 
within each cluster are accessible to be viewed by clicking the CIWOG-number 
link to our pre-generated CIWOG web pages [71]. 
 
Splicing-related protein-coding genes in 10 plants 
Using previous predicted 395 splicing-related proteins, referred as AtSRP 
[31], as query sequences in local BLAST search against other available species, 
we identified tentative homologs of splicing-related proteins in 10 plants. Five 
previous named gene families, categories and OrthoMCL clusters were used to 
assign genes to previous named families and categories in [31], including small 
nuclear ribonucleoprotein, splicing factor, splicing regulation factor, novel 
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spliceosome proteins, and possible splicing-related proteins (this category 
including possible novel splicing related proteins, not previously described). The 
first three categories are the main known splicing-related proteins in Homo 
sapiens and Drosophila, and are being described in detail in the following. The 
remaining two categories are not discussed in detail here, but the detailed 
information about these genes are accessible at SRGD web site [48]. The 
distributions of splicing-related proteins of 10 plants are different in each family as 
shown in Figure 1. The two families (35S U5 associated proteins (family 2.4) and 
proteins related to spliceosome (family 3.5)) have more members of splicing-
related proteins in 10 plants. Glycine max has more genes than other species in 
the same family except Glycine rich protein in which Arabidopsis specific genes 
are most abundant.  
 
The majority of snRNP proteins are conserved in 10 Plants 
The snRNPs (small nuclear ribonucleoproteins) interact with other proteins 
to form the spliceosome, the most complicated complex in the cell [13]. Protein 
and snRNA of snRNPs have been isolated from yeast or human [72-74]. 
However, there are very few of snRNP proteins that were characterized 
experimentally in plants. Spliceosome requires the assistance of proteins to form 
catalytically active RNA structures, however, the information about the number 
and nature of proteins that form and maintain the activity of spliceosome is rare 
known in plant [26]. Our data provide insights into the number, distribution, and 
families of snRNP proteins in 10 plant species. There are five major snRNPs (U1, 
U2, U4, U5, and U6) involved in the formation of the major spliceosome, 
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corresponding to five snRNAs and more other core snRNPs [13]. The majority of 
snRNPs proteins were classified into seven proteins families (Sm core proteins, 
U1 snRNP specific proteins, 17S U2 snRNP specific proteins, U5 snRNP specific 
proteins, U4/U6 snRNP specific proteins, Tri-snRNP specific proteins, and 18S 
U11/U2 snRNP specific proteins) of 60 OrthoMCL clusters containing a total of 
819 proteins from 10 species, including 84 (10.3%) of Arabidopsis thaliana (At), 
123 (15.0%) of Glycine max (Gm), 54 (6.5%) of Lotus japonicus (Lj), 75 (9.2%) of 
Medicago truncatula (Mt), 75 (9.2%) of Oryza sativa (Os), 90 (11.0%) of 
Physcomitrella patens (Pp), 100 (12.2%) of Populus trichocarpa (Pt), 72 (8.8%) of 
Sorghum bicolour (Sb), 63 (7.7%) of Vitis vinifera (Vv), and 83 (10.1%) of Zea 
mays (Zm). The majority of snRNP proteins are conserved in all 10 plants. The 
members of 32 clusters (53.3%) are conserved in all 10 plants, the members of 
19 clusters (31.7%) are conserved in nine plants, the members of five clusters 
(8.3%) are conserved in eight plants, and only the members of four clusters 
(6.7%) occurred in fewer than eight plants.  
As shown in Table 1, almost all Sm core proteins have homologs in all 10 
species except few genes missing in Mt and Lj, and are classified into 15 clusters 
containing one or more genes from the same species. Sm proteins are important 
components of spliceosome and essential for the formation of stable spliceosome 
with small nuclear RNAs [75]. It is likely that Sm core proteins existed as single 
copies in an ancestor [76], but duplicated before plant lineage and more 
duplicated within specific plant. U1 small nuclear ribonucleoprotein (snRNP) 
forms spliceosome with U2, U4, U5 and U6 snRNPs; however, U1 has more 
copies than the other snRNPs in human [21]. But in our study, U2 (19 U2 
snRNPs, nine U1 snRNPs, 14 U5snRNPs, and six U4/U6 snRNPs) has much 
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more copies than the other snRNPs in plant. There are nine U1 snRNP specific 
proteins in Arabidopsis, which are conserved in Gm, Os, Pt, Sb, and Zm. 
Although three homologs (atU1C: At4G03120, atU1A: At2G47580, and atPrp39b: 
At5G46400) are missing in moss (Pp), two genes (ppU1C-1 and ppU1C-2) in Pp 
are similar to atU1C, and three genes (ppPrp39a-1. ppPrp39a-2, and ppPrp39a-
3) in Pp are similar to atPrp39b, indicating that moss has specific genes that take 
similar functions as the ones in other species. The fact of only one Prp39a in At 
indicates that Prp39a and Prp39b duplicated before speciation of Moss and 
Arabidopsis, and then duplicated within species after divergence. The function of 
17S U2 snRNP is selecting branch site and catalysis in pre-mRNA splicing [77]. 
Among 19 17S U2 snRNP specific proteins, 16 proteins are conserved in 10 plant 
species, two proteins (atSWAP: At3G49130, At5G06520) are only unique to 
Arabidopsis, and one protein is conserved in nine plants but Mt. The members of 
17S U2 snRNP specific proteins contain SWAP domain that is present in 
regulators responsible for alternative splicing [78]. No homolog of these two 
genes was identified in any other species via BLASTp searches against all 
monocots, dicots, or grasses in PlantGDB server [79], indicating that these two 
genes are unique to Arabidopsis. U5 snRNPs carry binding sites for the 5’ and 3’ 
exons, aligning the 5’ exon intermediate produced by the first catalytic step and 3’ 
exons for ligation during the second step of pre-mRNA splicing [80]. All U5 
snRNP specific proteins are conserved in 10 plants except that one homolog 
(atU5-200KD: At3G27730) is missing in Mt, and three homologs (atU5-100KD: 
At2G33730 and At1G28180, atU5-40KD: At2G43770, and atU5-200KD: 
At3G27730) are missing in Lj. However, seven copies of mtU5-200KD (Mt) and 
two copies of ljU5-200KD (Lj) in other existed OrthoMCL clusters were identified. 
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It is likely that Mt went through more gene duplication events within species than 
Lj and most of copies in Mt are pseudogenes. An additional homolog 
(At1G28180) of atU5-100KD was identified in Arabidopsis. The interactions 
between some of tri-snRNP proteins are revealed in yeast [81] and the protein-
protein and protein-RNA network within tri-snRNP in human are detailed studied 
using the two-hybrid assay and in vitro binding assays [25]. However, little is 
known about the network of protein interactions within the plant tri-snRNP. All 
U4/U6 snRNP specific proteins are conserved in all 10 plants. Most of Tri-snRNP 
specific proteins are conserved except that one homolog (atTri-65KD: 
At4G22290) is not identified in moss (Pp) and monocots (Os, Sb, and Zm), 
indicating a hypothesis that this protein might be unique to dicots. To verify the 
uniqueness to dicots, we did BLASTp search against all monocots (more 
monocots than we used in our study) in PlantGDB [79] and our result shows that 
seven hits were identified in other monocots that are not included in our study, 
indicating that this protein is not unique to dicots. U11/U12 snRNPs bind U12-
type pre-mRNAs as a complex to recognize the 5’ splice site and branch point 
sequence simultaneously. The majority of U11/U12 snRNPs are highly conserved 
in organisms containing U12-type introns [82]. Among 18S U11/U12 snRNP 
specific proteins, interestingly, no homolog of atU11/U12-31KD (At3G10400), a 
RNA recognition motif (RRM)-containing protein, in legumes (Gm, Lj, and Mt) and 
no hits identified via BLASTp search against all legumes indicate the missing of 
this gene in legumes and provide a possible hypothesis that legumes have their 
own specific proteins with the same function as atU11/U12-31K protein. The 
absence of U11/U12-31KD proteins in legumes provides insight that legumes has 
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less splicing events regulated by minor spliceosome, which might be related to 
their specific function on nitrogen fixation from air to soil. 
 
Splicing factors are slightly diverged in 10 plants 
Splicing factors are proteins involved in the removal of introns and exons 
from messenger RNA, which are classified into 8 subfamilies (Splice site 
selection, SR protein, 17S U2 associated protein, 35S U5 associated protein, 
Proteins specific for BΔU1 complex, Exon junction complex (EJC) proteins, 
Second step splicing factors, and Other known splicing factors) according to 
subfamilies of AtSRP and 67 clusters, including 111 splicing related factors of At, 
186 of Gm, 93 of Lj, 108 of Mt, 108 of Os, 107 of Pp, 134 of Pt, 105 of Sb, 80 of 
Vv, and 120 of Zm, based on sequence comparison. The distribution of splicing-
related proteins in each subfamily is shown on Figure 1. Splicing factors are less 
conserved than the majority of snRNP proteins in all 10 plants. The members of 
29 clusters (43.3%) (53.3% in the majority of snRNPs) are conserved in all 10 
plants; the members of 19 clusters (28.4%) clusters are conserved in nine plants; 
the members of 11 clusters (16.4%) are conserved in eight plants; and the 
members of eight clusters (11.9%) only exist in seven or fewer plants.  
 As shown in Table 1, splice site selection factors are classified into nine 
clusters and most of proteins in this subfamily are conserved in all 10 species. 
But there are some exceptions: one CBP20 (AT5G44200) (cap-binding proteins, 
possibly involved in cap proximal intron splicing [48-50]) is missing in Mt and Pp, 
one U2AF35 [14] related protein (AT1G10320) is missing in Lj, and one AUL2 
(AT2G33440) is missing in Gm. CBP 20 is one subunit of the cap-binding protein 
27 
 
complex (CBC) that binds to the caps of all RNA polymerase II transcripts and 
plays important role in pre-mRNA splicing [49]. U2AF (U2 small nuclear 
ribonucleoprotein auxiliary factor) is essential for recognition of 3’-splice site. The 
U2AF35 (small subunit of U2AF) can bind to the 3’-AG intron and promote U2 
snRNPs binding to the branch-point through interaction with U2AF65 (big subunit 
of U2AF) [14]. Members of serine/arginine (SR)-rich proteins are critical 
components of snRNPs and are characterized by their function in pre-mRNA 
splicing through interacting with RNA and other protein components via an RNA 
recognition motif (RRM) and arginine/serine rich residues (RS) [51]. The 
functions of SR proteins are diverse, from constitutive and alternative splicing to 
post-splicing activities including mRNA export, nonsense-mediated decay (NMD), 
and mRNA translation [52, 53]. SR proteins were classified into 10 clusters and of 
which, seven proteins (atRS2Z32: At2G37340, atRS2Z33: At3G53500, atRS40: 
At2G46610, atRS31: At3G61860, atSCL30: At3G55460, atSR34b: At3G49430, 
and atSCL28: At5G18810) were not identified in moss (Pp) and one protein 
(atSR34b: At3G49430) was not identified in both moss (pp) and monocots (Os, 
Sb, and Zm). It is likely that these seven proteins were duplicated after 
divergence of moss and dicots. Homologs of SR34b (a RNA binding protein) 
were only identified in dicots, which means that this protein might be duplicated 
after divergence of dicots and monocots. No homolog of RSZ33 was identified in 
Mt and Pp, indicating that RSZ33 might be gained after divergence of moss and 
monocots, and then lost in Mt due to some evolution reasons. 17S U2 associated 
proteins [42] was classified into 4 clusters, and all of them are conserved in 10 
plants except that atSPF30 [54, 55], which is a nucleic acid binding protein, and 
missing in Mt.  SPF30 is an essential splicing factor in mediating the addition of 
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the tri-snRNP to the pre-spliceosome through interaction with U2AF35 and hPrp2 
linking 3’ splice site [55]. The missing of SPF30 in Mt combining with that SPF 
and its domains are not conserved in yeast suggests that SPF30 may play 
important role in the complex splicing in plants. An additional five Prp43 proteins 
(At1G32490, At2G35340, At3G26560, At4G16680, and At5G13010) were 
identified and clustered into the same cluster as the other two previous identified 
proteins (At2G47250 and At4G62310) in AtSRP. In addition to seven Prp43 in At, 
Prp43 is also abundant in Gm (13), Mt (7), Os (6), Pp (5), Pt (6), and Zm (6). The 
abundance of Prp34 in almost all 10 plants indicates their important functions in 
catalysing the final step of splicing—the dissociation of lariat-intron and 
disassembly of the spliceosome [56]. 35S U5 associated proteins were classified 
into 18 clusters and of which, six proteins are missing in Mt, and one is missing in 
Pt, Vv, and Zm, respectively. As member of heat shock protein, HSP73/HSPA8 is 
both dispensable for cell viability and Pre-mRNA splicing [57]. An additional six 
HSP73/ HSPA8 proteins (At1G09080, At1G16030, At1G56410, At3G09440, 
At5G02490, and At5G28540) were identified and clustered into the same cluster 
as previous identified three HSP73/HSPA8 proteins (At3G12580, At5G02500, 
and At5G42020) in AtSRG. HSP73 is huge abundant in all 10 plants. 
Chromosomal location of these genes in Mt shows that seven of 43 
HSP73/HSPA genes are located in a range of 50 Kb regions, which likely 
indicates that these genes in Mt might be due to the recent segmental 
duplication. The BΔU1 complex is the spliceosome that had not yet undergone 
catalytic activation, which contains the U2, U4/U6, and U5 snRNPs and missing 
the U1 snRNP [56]. Proteins specific for BΔU1 complex were classified into six 
clusters and three of them are missing in Mt and one is missing in Vv. Exon 
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junction complex (EJC), on one hand, provides a platform of pre-mRNA splicing 
through association with many splicing factors and the core spliceosome, and on 
the other hand, EJC has other functions including nuclear export/subcellular 
localization of specific transcripts, translational enhancement and nonsense 
mediated mRNA decay (NMD) [58, 59]. Exon junction complex (EJC) proteins 
were classified into nine clusters. Among 13 Arabidopsis proteins, three proteins 
were not identified in Mt, three proteins were not identified in Lj, and one protein 
was not identified in each species of Pp, Vv, and Zm. Second step splicing factor 
was classified into six clusters containing seven Arabidopsis proteins, and are 
conserved in eight plants except Mt and Lj. Only one Prp18 was identified in Mt 
and no homolog of Prp22 was identified in Lj.  Other known splicing factors were 
classified into five clusters containing six Arabidopsis proteins, which are 
conserved in eight species (At, Gm, Os, Pp, Pt, Sb, Vv, and Zm). There are two 
proteins, atSRM300 and atTar/SFRS1, are missing in Mt and two atPrp5 proteins 
are missing in Lj. Most of splicing factors are conserved in 10 species and few of 
splicing factors are missing in specific species, indicating that the evolution 
process tend to, on one hand, retain protein sequences or domain sequences for 
their important functions in biological process and, on the other hand, induce 
some species to gain or lost genes for their adaptation to environmental or other 
stress requirements [60].  
As shown in Table 1, a cluster (HSP73/HSPA8) of 35S U5 associated 
proteins contains the largest number of proteins. As shown in Figure 2-A, there 
are nine  proteins in At, 24 proteins in Gm, 28 proteins in Lj, 46 proteins in Mt, 16 
proteins in Os, nine proteins in Pp, 16 proteins in Pt, 17 proteins in Sb, nine 
proteins in Vv, and 12 proteins in Zm. In ASRG database [26, 61], there are only 
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three homologs in Arabidopsis. In our study, six more genes (homologs) were 
clustered together, which are not included in ASRD database. The phylogenetic 
trees (Figure 2-B) and protein sequences alignments (Figure 2-C) confirm that 
these genes are the homologous genes. In this cluster, legumes have more 
duplicated genes than other species, 24 genes in Glycine max, 46 genes in 
Medicago, and 28 genes in Lotus, respectively. Most of 46 Medicago genes 
locate on chromosome 2 and chromosome 7. All the genes on Chromosome 7 
are closely located on the range of 50k bp (Figure 2-A), which might indicate that 
these genes were segmental duplication within species. 
 
Splicing regulators are different in 10 plants 
Splicing regulators are a set of proteins that regulate binding between 
splicing factors or between splicing factors and splice sites by modifying or 
competition with splicing factors. Splicing regulators were classified into five 
subfamilies (SR protein kinase, Glycine-rich RNA binding protein, hnRNP A/B 
family, Other hnRNP protein, Other plant hnRNPs), 28 clusters, a total of 445 
proteins, including 48 (10.8%) of At, 86 (19.3%) of Gm, 28 (6.3%) of Lj, 31 (7.0%) 
of Mt, 41 (9.2%) of Os, 40 (9.0%) of Pp, 60 (13.5%) of Pt, 34 (7.6%) of Sb, 31 
(7.0%) of Vv, and 46 (10.3%) of Zm. In comparison with other species, as shown 
in Figure 1, Glycine max (P<0.05) has more splicing regulation factors and Lotus 
(P<0.05) has fewer splicing regulators in 10 plant species. In the comparison with 
majority snRNPs and splicing factors, fewer splicing regulation factor are 
conserved. Out of 28 clusters, 10 clusters (35.7%) are conserved in 10 plants, 
eight clusters (28.6%) are conserved in nine plants, three clusters (10.7%) are 
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conserved in eight plants, and seven clusters (25%) only existed in seven or less 
plants. Phosphorylation of SR proteins by SR protein kinase is essential in 
constitutive and alternative splicing, and both hypo- and hyper-phosphorylation of 
SR proteins are known to regulate splicing in the cell [17]. SR protein kinase 
family was classified into four clusters containing eight proteins. All SR protein 
kinase are conserved in all 10 plants except five members (AFC1: At3G53570, 
AFC2: atSRPK2b: At4G24740, atSRPK2a: At2G17530, atSRPK1a: At4G35500,) 
of two clusters are missing in Pp. We found that there are three ppAFC3 and 
three ppSRPK2a in Pp, indicating that these five proteins were duplicated after 
the speciation of moss and monocots, and providing insights into complex 
regulation of SR proteins by SR protein kinase and alternative splicing in 
response to developmental and cellular signalling. Members of glycine-rich RNA 
binding proteins (GRPs) are known to involve in the responses of plants to 
environmental stresses through post-transcriptional regulation including RNA 
splicing, mRNA stability and decay, and translation. The study on GRPs shows 
that GRP7 affects abiotic stress responses via the regulation of stomata opening 
and closing in guard cells in Arabidopsis [83]. Glycine-rich RNA binding proteins 
was classified into two clusters with five proteins and are conserved in all 10 
plants, indicating that GRPs are functionally conserved during the environmental 
stress in both monocots and dicots [84]. The hnRNP A/B family containing 
hnRNP A/B and UBA2 proteins was classified into nine clusters and none of them 
is conserved in all 10 plants. It is known that hnRNP A/B and UBA2 proteins have 
important role in RNA splicing and it is reported that hnRNP A/B protein regulate 
RNA splicing at human immunodeficiency virus type 1 (HIV-1) by binding to 
exonic splicing silencer element (ESS) [85], and UBA2 gene encodes RNA-
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binding proteins that are subject to alternative splicing affecting only the 3’-UTR 
in Arabidopsis [86]. Among hnRNP A/B family, only two clusters with three 
proteins (hnRNP A/B: At4G26650, hnRNP A/B: At5G55550, UBA2: At3G15010) 
were identified in Pp, indicating that these two clusters were evolved before the 
speciation and the other clusters were duplicated after the divergence of moss 
and monocots. These two clusters contain two proteins and one protein 
respectively, while moss (Pp) contains four proteins and two proteins 
respectively, indicating the fact that hnRNP A/B and UBA2 genes were duplicated 
within moss (Pp) after speciation. The other hnRNPs (with animal homologs) 
containing hnRNP R/Q, CUG-BP, hnRNP G, hnRNP P2, hnRNP E1/E2, and 
hnRNP F/hnRNP H were classified into 12 clusters and of which, three clusters 
are conserved in all 10 plants, and one cluster (atFCA2: At4G47310) are only 
conserved in dicots. To further verify the uniqueness to dicots, the BLASTp 
search in PlantGDB was implemented against all monocots and the result 
showed that no hits were obtained, which indicates that this gene is unique to 
dicots. We also found that this gene has no homolog in human and Drosophila, 
which indicates that atFCA was duplicated in dicots after the divergence of 
monocots and dicots or much later. These dicot unique genes might be used as a 
dicot strategy to adapt to evolutions courses.  The other plant hnRNPs containing 
hnRNP-like proteins were classified into eight clusters and of which, one cluster 
(Ath1: At4G16830, Ath2: At4G17520) was conserved in all 10 plants, one cluster 
(atRBP47a: At1G49600, atRBP47b: At3G19130) was only identified in dicots, 
and two clusters (UBA1c: At2G19380, UBA1a: At2G22090, UBA1b: At2G22100, 
Ath3: At5G47210) were only identified in At. For the cluster only identified in 
dicots, the same method mentioned above was used to verify the uniqueness of 
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the atRBP47a and atRBP47b to dicots. The BLASTp search against all moss and 
monocots in PlantGDB shows that atRBP47a and atRBP47b are unique to dicots. 
For the two clusters only identified in At, the result of BLASTp search against all 
available monocots, dicots, and grasses shows that UBA1 and Ath3 are only 
unique to Arabidopsis.  
 
Novel Splicing-related proteins 
In addition to the splicing-related proteins from the clusters containing at 
least one of AtSRP proteins, novel potential splicing-related proteins from 
clusters containing none of AtSRP proteins were identified and classified into 25 
families based on domain motif and literature searches. Among these 25 families, 
the most abundant two families are RRM Containing Protein and KH Domain 
Containing Protein. Among these novel potential splicing-related proteins, there 
are 29 proteins from At, 69 proteins from Gm, 17 proteins from Lj, 32 proteins 
from Mt, 51 proteins from Os, 29 proteins from Pp, 51 proteins from Pt, 44 
proteins from Sb, 33 proteins from Vv, and 61 proteins from Zm. All these 
proteins were clustered into 84 OrthoMCL clusters. Among these clusters, three 
of them are conserved in all 10 plants, as shown in Table 2, 11 of them are 
monocot specific, two of them are At specific, three of them are Gm specific, five 
of them are Os specific, five of them are Pt specific, one of them are Sb specific, 
and seven of them are Zm specific, as shown in Table 3. The three conserved 
clusters are ATP binding/ATP-dependent helicase/RNA binding protein [87], 
DEAD box RNA helicase [88], and Splicing factor 1 (SF1) [89], respectively, as 
shown in Table 2. Among the species/clades specific proteins, most of them are 
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RRM containing proteins, indicating the duplication and divergence of RRM 
containing proteins within specie. It also induces a question that these 
species/clade specific proteins might not be translated if it back to genome 
sequences, which result from changes on promoter or other cis-acting sequences 
on genome. This question can be answered by promoter sequences searches in 
the future analysis. 
 
Species/clade specific splicing-related proteins 
To provide an clear view on the comparisons of splicing-related proteins 
among different species, a total of 10 tables were constructed and used to 
display the conserved splicing-related proteins or species/clade specific proteins, 
as shown in Table 1 (also accessible at the SRGD web site [48]). For each 
species, we built a table containing homologs of this species in the first column 
and the homologs of other nine species in the following columns. For example, 
Arabidopsis specific proteins could be clearly identified by looking through the 
table containing Arabidopsis at the first column but no homologs in other nine 
species. 
To identify potential genes involved in pre-mRNA splicing in specific 
species or clade, all pre-mRNA splicing-related proteins were clustered into 
homologs groups, and for each cluster three categories were identified based on 
monocots (Os, Sb, and Zm) versus dicots (At, Gm, Lj, Mt, Pt, Sb, and Vv) and 
versus moss (Pp). A cluster of homologs was considered to be specific to a 
category if all cluster members belong to this category, although a homolog may 
be missing in one or more species of the category, and none are found 
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elsewhere. A cluster of homologs was considered to be essential to a category if 
all species in the category are represented in the cluster, although there may be 
additional homologs in other species. The Venn diagram for specific-essential 
homolog groups, clusters for which all species in the category are represented 
and no additional homologs in other species, is shown in Figure 3. There are 111 
clusters shared in all 10 species. Seven clusters are specific-essential to dicots, 
five clusters are specific-essential to monocots, and 15 clusters are specific-
essential to flowering plants (nine species excluding moss).  
By looking through the table of Arabidopsis, 67 Arabidopsis specific 
proteins were identified and classified into different families according to 
sequence and domain comparison (Figure 4).  Out of 67 Arabidopsis specific 
proteins, 24 proteins are Glycine Rich Protein, two proteins within the same 
cluster are homologs of SF3a120/SAP114 subunits that are 17S U2 snRNPs 
specific proteins, one protein is homolog of CDCL2 p110, and two proteins are 
homologs of FLJ10374. CDCL2p110 and FLJ10374 are two subfamilies of 
hnRNP A/B family related to spliceosome proteins. The uniqueness to 
Arabidopsis was verified by BLASTp search against other available plants in 
PlantGDB. The result showed that most of Arabidopsis specific proteins were not 
identified in other species with an e-value of and 10-20. And the hits with e-value 
less than 10-20 of the remaining Arabidopsis specific proteins were identified in 
other species but were clustered into existing OrthoMCL clusters, indicating that 
these Arabidopsis specific proteins are duplicated and divergent genes within 
Arabidopsis.            
In addition, 10 proteins from 7 families, as shown in Figure 5, were not 
identified in moss (Pp) and monocots (Zm, Os, Sb) but identified in all dicots. 
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These 10 proteins consist of one Tri-65 KD protein (Tri-snRNP specific proteins 
(U4/U6.U5)), one SRp34b protein (SR proteins), one FCA2 protein (Other hnRNP 
proteins (with animal homologs)), one Glycine Rich Protein s4 (Glycine Rich 
protein), two hnRNP-like_4 proteins (Other plant hnRNPs), two hnRNP A/B 
proteins (hnRNP A/B family), and two NuMA proteins (Related to spliceosome). 
These proteins were duplicated in dicots after divergence of monocots and dicots 
or much later and regarded as candidates of dicot specific proteins. The 
phylogeny of SF2/ASF [90] in all 10 plants, for example, verifies the evolution 
process that SRp34b  gene was duplicated after the speciation of monocots and 
dicots or much earlier, as shown in Figure 6. The uniqueness of these 10 proteins 
to dicots were verified by BLASTp search against all available monocots in 
PlantGDB [79]. The result showed that all 10 dicot specific proteins were 
identified in monocots but their homologs in monocots were clustered into existed 
OrthoMCL clusters, indicating that these specific proteins are duplicated and 
divergent within dicots. 
By looking through the OrthoMCL clusters and 10 tables constructed for 
homologous comparison among all species, we also notice that some proteins 
have no homologs in moss (Pp). As an earlier appeared species, moss is on the 
root of species tree of 10 plants species. In our study, a total of 44 proteins were 
not identified in Pp, as shown in Figure 7, including seven hnRNP A/B proteins, 
seven Other plant hnRNPs, five Proteins related to spliceosome, four SR protein 
kinase, four Other hnRNP proteins, three U1 snRNPs specific proteins, three 
Nucleotide binding proteins, two Splice factor like proteins, two SR proteins, two 
Exon junction complex proteins, one Tri-snRNPs specific protein, one Splice site 
selection protein, one protein involved in other process, one Poly A binding 
37 
 
protein and one Possible multiple function protein. Among these missing proteins 
in Pp, most of them are the members of hnRNP A/B family and other plant 
hnRNPs. Both of these two families containing RNA recognition motif (RRM), 2 
RRM domains in hnRNP A/B family and 3 RRM domains in other plant hnRNPs 
family, are splicing regulation factors. Therefore, it indicates that splicing 
regulation factors might be much more abundant in flowering plants than non-
flowering plants (Pp) [91].  
 
Duplication of splicing-related proteins in 10 plants 
A total of 3545 splicing-related proteins were classified into 288 clusters, 
29 families, and 5 categories, including 412 (395 proteins in ASRG [31, 92] and 
17 novel proteins) of At, 579 proteins of Gm, 248 proteins of Lj, 296 proteins of 
Mt, 316 proteins of Os, 330 proteins of Pp, 430 proteins of Pt, 307 proteins of Sb, 
270 proteins of Vv, 365 proteins of Zm. Among 29 families, the two most 
abundant families are 35S U5 associated proteins [13, 93] and novel 
spliceosome proteins that relate to spliceosome (group 4.5) (Figure 1 and Figure 
8). The experimental studies on a subset of 35S U5 proteins, which form a stable 
heteromeric complex, demonstrates that 35S U5 proteins are dispensable for 
stabilization of U4/U6.U5 tri-snRNPs but required to catalytic step 1 of splicing 
[93]. The pattern of gene number in each group has high similarity in all 10 
plants, indicating that all these genes are essential for both non-flowering and 
flowering plants, and their gene numbers are well controlled to reach the demand 
for splicing process.  
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As one of the most important crop plants for seed protein and oil content, 
Soybean (Glycine max) is from one of legumes that are important part of world 
agriculture in the fixation of nitrogen by intimate symbioses with microorganisms. 
The whole genome shotgun sequence of Glycine max reports that 46,430 
protein-coding genes, 70% more than Arabidopsis are predicted, and highly 
duplicated genome with nearly 75% of genes present in multiple copies resulted 
from genome duplication occurred at about 59 and 13 million years ago [4]. We 
report here that Glycine max (P<0.05)has the most abundance of splicing-related 
proteins and Lotus (P<0.05) has the fewest splicing-related proteins in 10 plants. 
The numbers of duplicated genes in each cluster, for each species, were plotted 
in the histograms (Figure 9-A). The higher level plants tend to have higher ratios 
of duplication among all splicing-related proteins (right plot on Figure 9-B) if the 
ratios of Lj and Vv are excluded since their poor quality/uncompleted annotation. 
SR protein family, for example, a subfamily of splicing-related proteins, the higher 
level plants clearly tend to have higher duplication ratios as well (right plot on 
Figure 9-C). The duplication ratio in Gm is close to 1.0, indicating that almost 
every cluster has at least two Gm genes. 
 
Frequency of alternatively spliced events in splicing-related 
proteins is higher than other genes 
More than 50% of genes were alternatively spliced in human[94] and at 
least 74% of human multi-exon genes are alternatively spliced [95]. Splicing-
related proteins have higher frequency of alternatively spliced events than other 
genes in Arabidopsis[31]. However, genome-wide analysis of alternatively 
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splicing of splicing-related proteins in other plants was rare. The first large-scale 
alternative splicing in Arabidopsis analysis showed that 1188 genes of around 
180000 expressed sequence tags (ESTs) contain alternative splicing variations 
[96]. In addition, 327 alternative splicing events are in an analysis using around 
1800000 ESTs [97] and 1764 alternative splicing events are in an analysis using 
17139 transcription units (11.6%) [98]. In addition to Arabidopsis, alternatively 
spliced events in three more species including Gm, Os, and Zm were surveyed. 
Our study shows that splicing-related proteins have higher frequency of 
alternatively spliced events than other genes in four plants (Figure 10). The ratios 
of alternatively splicing in splicing-related gene (At: 0.32, Gm: 0.23, Os: 0.34, and 
Zm: 0.41) and in the other genes (At: 0.16, Gm: 0.10, Os: 0.11, and Zm: 0.35) are 
different (P <0.05). A higher frequency of alternatively spliced events of splicing-
related proteins suggests that splicing-related proteins regulate 
splicing/alternative splicing of other genes via increasing their own numbers of 
transcripts in order to satisfy environmental or developmental requirements [31]. 
 
Conserved and species/clade specific intron positions of 
splicing-related proteins 
As shown in Table 1, for each species, most of clusters contain more than 
one protein, inducing an interesting question of conserved or species unique 
introns positions among all orthologous genes in the evolution process. The 
introns within protein-coding genes can be gained, lost or conserved in a 
complicated evolution course [99-101]. Some researches proposed that intron 
positions and types tend to be conserved across species in order to retain the 
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main function of proteins [102]. Our hypothesis is that orthologous genes retain 
their common intron positions and types within functional domains, and some 
species extend their specific intron positions. To answer this question, we used 
CIWOG, Common Introns Within Orthologous Genes Software and Database 
[71], to study introns evolution by comparing positions and types among all 
related orthologous genes. As we expect, intron positions and types of splicing-
related genes are conserved in functional domains and diverged in the region of 
3’-UTR (non-functional or less-functional region) in orthologous genes due to the 
evolutionary conservation [100]. But it is interesting to note that specific intron 
positions/types to specific species were identified in some gene clusters. For 
example, as shown in Figure 11, the first eight introns positions and types of 
SF2/ASF, one cluster of SR proteins, are conserved among all orthologous 
genes except one At gene and three Pp genes. One At gene has three different 
introns positions at 6th, 7th, and 8th positions from others. One Pp gene has two 
missing introns at 6th and 8th positions. One Pp gene has one missing intron at 6th 
position, and one gains one introns position between 3rd and 4th positions. As 
shown in Figure 11, the conservation of intron positions within region containing 2 
RRM (RNA Recognition Motif) suggests that splice site selection is determined by 
the nature of the RRMs and sequence-specific RNA binding by SF2/ASF proteins 
is required for constitutive and alternative splicing [103]. 
In diverged region (3’-UTR and 5’-UTR), one At gene and all monocots 
(Os, Sb, and Zm) genes only contain the 9th intron, Gm, Pt, and Vv only contain 
the 10th intron, and three of Zm genes contain both the 9th and 10th introns, 
suggesting that the existence of species specific intron positions is due to intron 
lost or gain in specific species in the evolution process. Intron positions or types 
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are conserved in functional domain region, diverged and species specific in other 
regions, indicating the selection of evolution in the whole plants kingdoms. 
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Discussion 
A total of 395 splicing-related proteins had been reported in Arabidopsis 
[31]. In our study, an additional 17 splicing-related proteins in Arabidopsis were 
identified. In addition, splicing-related proteins were also identified in other nine 
species: 579 proteins in Gm, 248 proteins in Lj, 296 proteins in Mt, 316 proteins 
in Os, 330 proteins in Pp, 430 proteins in Pt, 307 proteins in Sb, 270 proteins in 
Sb, 365 proteins in Zm (Table 1). All these splicing-related proteins were 
classified into 234 OrthoMCL clusters, 29 families, and 5 categories according to 
their corresponding categories of orthologs in Arabidopsis. Among 234 clusters, 
101 clusters (43.16%) are conserved in all 10 plants and 165 clusters (70.51%) 
are conserved in at least 9 plants, indicating that, on one hand, the splicing 
mechanism tends to be conserved and splicing-related proteins have 
monophyletic origin in the evolution course, and on the other hand, some plants 
have obtained their own specific genes or lost some genes in their evolution 
course. 
Among splicing-related proteins, we are surprised to see so many 
species/clades specific genes. We identified 67 Arabidopsis specific 10 dicot 
specific proteins involved in splicing. Among Arabidopsis specific proteins, 24 
proteins are Glycine rich proteins involved in RNA binding. The most interesting 
results are that two core proteins, one U1 snRNPs, six 17S U2snRNPs, and three 
U4/U6 snRNPs are only unique to Arabidopsis, which are major snRNPs. But we 
also notice that the proteins with same domain as Arabidopsis specific splicing-
related proteins exist in Arabidopsis, which indicates that these specific proteins 
could be duplicated and diversely evolved within Arabidopsis after the speciation 
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of Arabidopsis and other species. Besides, there also exist other proteins with the 
same domain as dicot specific splicing-related proteins, and missing splicing-
related proteins in dicots and Pp, respectively. One Tri-snRNP specific protein 
(U4/U6, U5) is unique to dicots, and 44 splicing-related proteins are missing in 
moss (Pp) that is an earlier appeared non-flowering plant, suggesting that more 
RNA splicing-related proteins in flowering plants rather than non-flowering plants. 
Among 44 splicing-related proteins, only two proteins have no orthologs identified 
in human, indicating that 42 proteins appeared before the divergence of plants 
and animals, or even earlier. The diversity of the amount and content of proteins 
involved in splicing presents the variety of splicing controls in different plants. As 
an example of dicot specific genes, SRp34a is an SF2/ASF gene, a subgroup of 
SR proteins, which could be the duplicated genes after the divergence of 
monocots and dicots or even later. Interestingly, homologs of U11/U12-31K 
(MADP1), one 18S U11/U12 snRNP Specific Protein, are missing in legumes 
(Gm, Lj, and Mt). U11/U12-35K, U11/U12-31K (ZCRB1, alias MADP-1), and 
U11/U12-65K (RNPC3) proteins are specific to U12-dependent spliceosome, the 
minor spliceosome, participating in the splicing of U12-type introns. The missing 
of U11/U12-31K in legumes could be due to their specific ability of nitrogen 
fixation, suggesting the hypothesis that legumes have less minor spliceosome, or 
they use other legumes specific genes instead of U11/U12-31K.  
A striking feature of splicing-related genes is the duplication ratio. A higher 
duplication ratio of splicing-related genes in plants than human and other animals 
indicates a higher probability that plants need to face and adapt to the changes of 
environments [104-106]. Among 10 species, Glycine max has the highest 
duplication ratio, which suggests that almost all splicing-related genes in Glycine 
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max have duplicated genes and more duplicated events happen within species 
resulted from chromosomal or segmental duplications. Segmental duplication has 
produced the biggest clusters (46 Medicago genes in this cluster), 
HSP73/HSPA8 proteins, which are 35S U5 associated proteins. Segmental 
duplication could be used as positive pressures influencing the duplication ratios 
to regulate and control splicing events functionally. The chromosomal and 
segmental duplication occur differentially in different species due to their 
separately evolution courses, indicating that the duplication patterns of splicing-
related proteins could be different in various plants. The increase of duplication 
ratios as the rise of appeared time of 10 plants (Figure 9-B) suggested that higher 
level plants have more duplicated genes, increasing the potential for gene 
duplication to lead to dissociation of genetic modules in higher level plants, and 
allowing an increase in morphological diversity. It also indicates that higher level 
plants need more duplicated genes to adapt to environmental or evolutionary 
selection. 
The co-evolution of SR proteins and branch site and the positive selection 
of SR proteins molecular evolution [107, 108] introduce a question about the 
duplications of SR proteins in all 10 plants. Our study shows that the numbers of 
duplicated genes of SR proteins are diverged in 10 plants. There are more 
duplicated genes in Gm and Pt than other plants indicating that these two species 
might have more chromosome duplication or segment duplication within species 
after divergence from other plants. At the same time, we also expect that the 
different duplication patterns among these genes in different clades, for example, 
monocots, dicots, legumes, flowering plant and non-flowering plant, and our 
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result here shows the different duplicated numbers for each plant, which might be 
due to different chromosome duplication within each plant lineage. 
The phylogeny of SF2/ASF proteins suggests that some genes are 
duplicated after the divergence of monocots and dicots or even later, which is 
shown in Figure 6. Among four SF2/ASF proteins (SR30, SR34, SR34a, and 
SR34b) in Arabidopsis, one protein (SR34a) was clustered into one cluster and 
three proteins (SR30, SR34, and SR34b) were clustered into the other cluster. In 
dicots, SR34 and SR34b were duplicated within At and Gm, while only one of 
them in Pt. However, there were two duplications of SR30 in Pt but only one in 
other dicots, indicating that the duplication occurs after the divergence of 
speciation. In monocots, three proteins in Os and one protein in Sb and Zm 
indicates two hypotheses: first, Sb and Zm only need one protein to take all the 
functions of three proteins (subfunctionization) in Os; second, Sb and Zm have 
their own specific genes to form the spliceosome complex. The cluster containing 
SR34a only includes homologs from dicots. From all the description of SR34a, 
we can conclude that SR34a duplicates after the divergence of monocots and 
dicots, SR34 and SR34b duplicate within At and Gm, and SR30 has two 
duplication in Pp, suggesting that the gene duplication can occurred before 
speciation or within species after speciation [109]. 
It is interesting to note that alternatively splicing frequency is higher in 
splicing-related genes than overall genes in four plants, including At, Gm Os, and 
Zm. Almost half of splicing-related proteins have alternative splicing events. We 
are surprised to see that alternative splicing frequency is higher in both splicing-
related proteins and overall genes in Zea mays, which proposes two questions. 
Why do splicing-related proteins have more alternative splice events than other 
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genes and how is alternative splicing of splicing-related genes regulated? One 
possible answer is that splicing-related proteins regulate other genes constitutive 
or alternative splicing by increasing variety of their own transcripts, which can be 
regulated by auto-regulated splicing [110]. Several splicing-related genes have 
been reported to auto-regulate their own splicing. For example, it has been 
recently reported that SC35, an RRM containing SR protein that plays a role on 
alternative splicing, auto-regulates its expression via a feedback loop that 
connects the productive splicing of SC35 transcripts and the level of SC35 
protein. The splice pattern of SC35 could be changed with the increase of SC35 
protein concentrations. When the concentration of SC35 arrived certain level, 
SC35 proteins bind to its own pre-mRNA, the alternative splice sites in the 3’-
untranslated region (3’-UTR) are used and the normal premature termination 
codon become a premature termination codon, resulting in the degradation of 
transcripts by NMD (Nonsense mediated decay) [111-113]. So SC35 appears to 
auto-regulate its own production by RUST (regulated unproductive splicing and 
translation) [114-116].  
Another feature of splicing-related proteins is their conserved intron 
positions and types. Orthologous genes tend to have more conserved intron 
positions than non-orthologous genes [45]. Splicing-related genes tend to have 
more alternatively splice events than the other genes (Figure 10). As shown in 
Figure 11, orthologs of splicing-related proteins tend to have more conserved 
intron positions in functional domain region and diverged or species specific 
intron positions in non-functional or less-functional regions, suggesting the 
importance of functional domain region in fidelity of splicing process in all plants 
and specificity of non-functional or less functional region to some plants. The 
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features, including sequences similarity, intron types or positions, and domain 
containing, of proteins sequences tend to be retained and play important roles in 
splicing process. The patterns of intron gain and loss and their contribution to 
gene evolution is little known to us, but our study on orthologous genes of 
splicing-related genes facilitate us to investigate and analyze the intron evolution, 
for example, intron gain and loss in the future analysis. 
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Conclusion 
Splicing-related proteins in 10 plants were computationally identified in our 
study by sequence comparison and Markov Clustering algorithm based 
OrthoMCL. A-web accessible database containing all splicing-related proteins in 
10 plants was constructed and will be auto-updated when other species are 
available. This database also consists of species/clades specific proteins 
including Arabidopsis specific, monocot specific, dicot specific, legumes specific 
proteins, and moss missing proteins. This integrated web source can provide a 
good platform to study splicing-related proteins in genome-wide analysis, 
including detailed information about splicing-related genes, e.g., which gene is 
conserved among all plants, which gene is unique to particular plant lineage, 
which gene is an ancient one, how these genes duplicate in the whole evolution 
course, etc. Our data shows that almost half of splicing-related genes are 
duplicated in all 10 plants and nearly 100% splicing-related genes are duplicated 
in some species, indicating that plant tend to generate more duplicated genes to 
adapt to the specific environments and evolution by increasing their diversity of 
spliceosome complex. In addition, a higher duplication ratio indicates that the 
splicing mechanism in plants tends to be conserved, which enables plants to 
keep the same splicing process across all plant kingdoms. Besides, a higher 
frequency of alternatively splice among splicing-related genes than overall genes 
result in the hypothesis that splicing-related genes increase their diversity of 
transcripts to regulate other genes alternative or constitutive splicing. Most 
introns positions of orthologous genes are conserved in all 10 plants, indicating 
that plants tend to keep the conserved features among all plants. Some diverged 
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introns positions among species are conserved within certain species, indicating 
that each species tend to gain their specific intron positions or lost the conserved 
introns, which might be an economical strategy for plants to control and regulate 
their life among plants kingdom.  
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Materials and methods 
Identification of pre-mRNA splicing-related proteins in 10 plant 
species 
A three-round BLASTp search was used to identify pre-mRNA splicing-
related proteins in 10 plant species as follows. Initially, a comprehensive set of 
395 pre-mRNA splicing-related proteins in Arabidopsis was downloaded from the 
ASRG database [31].  This set will be referred to as AtSRP. In addition to 
Arabidopsis thaliana (At), we sought to identify splicing-related proteins in an 
additional nine species with complete or near-complete genomes available: 
Glycine max (Gm), Lotus japonicus (Lj), Medicago truncatula (Mt), Oryza sativa 
(Os), Physcomitrella patens (Pp), Populus trichocarpa (Pt), Sorghum bicolour 
(Sb), Vitis vinifera (Vv), and Zea mays (Zm). Six of these species (At, Gm, Lj, Mt, 
Pt, and Vv) represent dicots, three (Sb, Os, and Zm) are monocots, and Pp is a 
moss. Three of the dicots (Gm, Lj, and Mt) are legumes. Complete sets of 
predicted protein sequences derived from the respective genome annotations 
were obtained for each species as follows: At from TAIR [117];  Gm, Pp, Pt, and 
Sb from JGI [118], Lj from KDRI [119], Mt from the Medicago truncatula HapMap 
project site [120], Os from RGAP [121], Vv from Genoscope [122], and Zm from 
MaizeSequence.org [123]. AtSRP was then used as the query in a local BLASTp 
search against each of the annotated protein sets. All hits with an e-value of less 
than 10-20 were retained for further analysis. In order to identify potential 
additional homologs not identified in the initial search, all hits from the first stage 
were retrieved, pooled, and then used as the query in a second local BLASTp 
search against the combined set of all annotated proteins from all 10 species. 
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New hits at a cutoff e-value of 10-20 were added to the set of candidate plant pre-
mRNA splicing-related proteins.  Finally, this set was BLASTp-searched against 
itself in order to obtain pairwise sequence similarities for input into OrthoMCL [38, 
47]. 
 
Phylogenetic and functional clustering of plant splicing-related 
genes 
The derived set of splicing-related proteins was processed with the 
OrthoMCL program to derive mutually non-overlapping clusters of homologous 
proteins.  Each cluster was initially classified according to the presence of AtSRP 
entries. The members of clusters containing at least one protein from AtSRP 
were regarded as confirmed pre-mRNA splicing-related proteins and named, 
when needed, according to the names of the corresponding Arabidopsis proteins. 
Specifically, homologs from different species were indicated adding abbreviations 
of species names as prefix to the gene names. Close gene family members of 
the same species within a cluster were labelled by adding -1, -2, etc. to the end of 
the name. For example, in the SC35 cluster, the lone Arabidopsis gene is 
labelled atSC35, and the two Glycine max genes are identified as gmSC35-1 and 
gmSC35-2. Clusters containing none of the AtSRP sequences were classified 
based on results of literature and protein domain searches. Of these clusters, 
those containing one or more proteins with significant similarity to proteins 
apparently unrelated to pre-mRNA splicing were removed. The remaining 
clusters were regarded as representing potential novel splicing-related proteins. 
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All splicing-related protein clusters were further classified into five 
categories corresponding to a previous organization of Arabidopsis genes ([92]): 
small nuclear ribonucleoprotein particle (snRNP) proteins, splicing factors, 
splicing regulators, spliceosome-associated proteins, and splicing factor related 
proteins (this category including possible novel splicing related proteins, not 
previously described). 
 
Conserved and species- or clade-specific splicing-related 
proteins 
The members of clusters containing proteins from all ten species were 
regarded as conserved splicing-related proteins. The members of clusters only 
containing proteins from a particular species or clade were regarded as 
candidates of species/clade specific proteins. The uniqueness of these specific 
proteins was verified based on results of BLASTp searches (cutoff e-value of 10-
20) against proteins from all available plant species both at the PlantGDB [79] and 
NCBI [124] BLAST servers. All candidates with significant similarity to proteins 
from other species were removed, and the retained candidates were regarded as 
species/clade specific splicing-related proteins. 
 
Chromosomal location, gene structure, and alternative splicing 
of splicing-related genes 
For each species, genome annotation files (in GFF or XML format) were 
retrieved from the same server that provided the annotated proteins sequences 
as cited above. Details about chromosomal location, gene structure, and number 
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of transcripts were extracted from these files and their accuracy was further 
verified by the following methods. The alignments of ESTs and cDNAs from 
AtGDB [86], GmGDB [87], LjGDB [88], MtGDB [89], OsGDB[90], PpGDB [91], 
PtGDB [92], SbGDB [93], VvGDB [94], and ZmGDB [95] were used to verify the 
accuracy of gene structure. If the gene structure from annotation files was 
consistent with that from the related database above, this gene structure would 
be considered accurate and used. Otherwise, the gene structure in the latest 
version of annotation was chosen. The number of transcripts was used only if 
they were supported by ESTs in the related database mentioned above. 
Otherwise, the number of transcripts would be extracted from PlantGDB.  
For each species, the fraction of alternatively spliced genes in the set of 
splicing-related genes was determined as the fraction of genes with more than 
one annotated transcript. Furthermore, for each species, the fraction of splicing-
related genes that have undergone one or more duplication events was 
determined as the fraction of gene clusters with at least two genes from the same 
species.  Obviously, one minus this fraction represents the fraction of single-copy 
splicing-related genes for that species. 
 
Identification of known protein domains 
For each protein sequence, domain motifs were identified from both NCBI 
CDD database [96] and MotifScan [97]. If they had significant hits against known 
domain motifs in either database, the domain motifs of splicing-related proteins 
were regarded as known protein domains and recorded. 
 
54 
 
 
Common intron positions and types 
For each cluster, CIWOG [37, 98] was used to identify common intron 
positions and type. The perl scripts to generate two CIWOG specific files 
including MUSCLE format file [125] and CIWOG information file [126] are 
available [127]. For each cluster, the introns positions and types within related 
genes are displayed [128]. 
 
Software used 
Common software used in this work was obtained from the respective 
public distribution sites: BLAST+ [129, 130], CIWOG [71, 131], ClustalX [132, 
133], FigTree (Graphical Viewer of Phylogenetic Trees) [134], MUSCLE 
(Multiple Sequence Comparison by Log- Expectation) [135, 136], OrthoMCL [47, 
137], and PHYLIP (Phylogeny Inference Package) [138, 139]. 
 
Availability and requirements 
Details about splicing-related genes were maintained in a MySQL 
database [140]. An integrated web page were generated using PHP [141] scripts 
via interacting with MySQL database. Perl scripts were used to transform data 
structures and generate all datasets, and R scripts were used to summarize and 
visualize those datasets. In addition, the pipeline, data sets, results of each step, 
and corresponding scripts are also available at SRGD-method [142]. 
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Figures 
Figure 1 - Splicing Related Protein Distribution among 10 plants 
The X-axis represents gene families, and Y-axis represents the gene numbers in each family.  
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Figure 2 - 17S U2 associated proteins 
The biggest cluster, the arrangement of genes in 50kb range on chromosome 7 in Medicago, and the alignments and phylogeny of 9 genes 
in Arabidopsis. (A) The top one shows the biggest cluster that contains the most genes in all 10 plants. The first column represents 10 
plants, the second column represents the number of cluster and the third column represents the gene numbers in each species. The bottom 
one shows gene arrangement on chromosome 7 in Medicago. The blue bold arrows indicate the genes in Medicago, the red vertical arrows 
represent stop codons, and the green vertical arrows represent start codon. (B) The phylogenetic tree of 9 genes in Arabidopsis. The red 
colour represents three genes that already identified in Arabidopsis. The black colour represents the newly identified genes that are in the 
same cluster as the red coloured ones. (C) The alignment of 9 Arabidopsis genes. The different colours represent the similarity of amino 
acids of 9 genes. The different colours in the same column indicate that the amino acids in this position are different among 9 genes of 
Arabidopsis. 
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Figure 2 (continued) 
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Figure 3 – Venn diagrams showing the distribution of 
homologous protein clusters specific essential to different 
categories of plant species.  
 
Red colour represents monocots specific essential clusters, blue colour represents dicots 
specific essential clusters, and purple colour represents flowering plant specific essential 
clusters. 
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Figure 4 - The distribution of Arabidopsis specific genes in each 
family 
 
The different colours represent different families. The area represents the amounts of 
Arabidopsis specific genes in each family. 
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Figure 5 - The distribution of dicot specific genes 
 
The different colours represent different families. The area represents the amounts of 
Dicot specific genes in each family. 
 
Group 
No. of Dicots 
specific genes 
Tri-snRNP specific proteins (U4/U6.U5) 1 
SR proteins 1 
hnRNP A/B family 2 
Other hnRNP proteins (with animal homologs) 1 
Other plant hnRNPs 2 
Related to spliceosome 2 
Glycine Rich protein 1 
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Figure 6 - Phylogenetic Tree of SF2/ASF Genes 
The phylogenetic trees of SF2/ASF genes are a group of SR proteins in 10 plants. The 
red frame indicates two clusters that were generated from OrthoMCL and both of these 
two clusters are SF2/ASF genes. The upper one includes 3 Arabidopsis genes, SR30, 
SR34, SR34b and other species genes. The bottom one includes one Arabidopsis gene, 
SR34a and genes of dicots (Arabidopsis, Medicago, Rice, Glycine Max, Lotus, Populus 
and Vitis vinifera). 
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Figure 7 - The distribution of moss missing splicing-related 
genes. 
 
The different colours represent different families. The area represents the amounts of 
genes missing in Moss. 
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Figure 8 - Percentage of Splicing-related Genes in 10 Species 
The X-axis represents species name, Y-axis represents the percentage of splicing-
related genes family in each species.  
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Figure 9 - Duplicated Genes in 10 Species 
The box-plot of numbers of duplicated genes in each species and the ratio of duplicated 
genes in all genes and in SR proteins family of 10 plants. (A) The box-plot of duplicated 
genes numbers in each cluster of 10 plants. The X-axis represents the 10 plants and y-
axis represents the gene numbers in each cluster. The small circles on the top represent 
the outliers and the middle bold bar represents the means of gene numbers of all 
clusters. (B) The ratio of duplicated genes in all clusters, the all families. The left one 
includes all 10 plants and the right one without Vitis Vinifera, and Lotus. The x-axis 
represents 10 plants species and the y-axis represents the percentage of duplicated 
genes in all genes. The ratio was calculated using the numbers of clusters that contain at 
least two genes to divide the total numbers of clusters from the same species. (C) The 
ratio of duplicated genes in SR proteins. The x-axis represents 10 plants and y-axis 
represents the percentage of duplicated genes in SR proteins. The ratio was calculated 
using the numbers of SR proteins clusters that contain at least two genes to divide the 
total numbers of SR proteins clusters from the same species. 
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Figure 10 - The frequency of alternatively spliced events in 
splicing-related genes and all genes, respectively. 
The x-axis represents 10 plant species and y-axis represents the percentage of 
alternatively spliced events. The blue one indicates the frequency of alternatively splicing 
events in splicing-related proteins. The red one indicated the frequency of alternatively 
splice events in all genes. 
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Figure 11 - Common Introns in SR Proteins 
The common intron types and positions in SR proteins are drawn with CIWOG (http://ciwog.gdcb.iastate.edu/). Each line represents a gene 
sequence aligned according to the intron position marked by coloured bars. 
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Figure 11 (continued) 
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Tables 
Table 1 - Splicing-related proteins of 10 plants 
Gene names are consistent with names used in PlantGDB (www.plantgdb.org). The first column is the number of OthoMCL clusters and the 
other columns are plant species. Each row represents the orthologous genes in the same clusters for each species.  
Table 1 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
1.1 Sm core proteins 
40 AT2G47640 AT3G62840 
e_gw1.46.90.1            
e_gw1.288.28.1 
fgenesh1_pg.sc
affold_1810000
18 
GRMZM2G07
6399 
GRMZM2G16
6985 
GRMZM2G17
1372 
LOC_Os05g24
970 Sb06g022770.1 
Glyma20g3463
0 
AC153350_26.
2 
chr4.CM0042.1
540.nc 
GSVIVT00028
009001 
estExt_Genewi
se1_v1.C_LG_I
I0233_709823 
estExt_fgenesh
4_kg.C_LG_XI
V0024_814376 
81 AT4G20440 AT5G44500 
estExt_fgenesh
1_pg.C_320105 
estExt_Genewi
se1.C_3330059 
gw1.333.63.1                 
gw1.446.24.1 
GRMZM2G02
1149 
GRMZM2G02
2041 
LOC_Os07g07
220 Sb02g003850.1 
Glyma02g4583
0 
Glyma14g0294
0 
  chr2.LjT02E02.160.nd 
GSVIVT00002
642001 
gw1.XI.1022.1
_233042 
83 AT3G07590 AT4G02840 
e_gw1.726.1.1 
estExt_gwp_gw
1.C_370112 
estExt_gwp_gw
1.C_1160015 
GRMZM2G02
7571 
GRMZM2G41
6061 
LOC_Os02g37
430 
LOC_Os04g39
444 
Sb06g019630.1        
Sb04g024330.1 
Glyma02g1064
0 
Glyma03g3088
0 
Glyma18g5221
0 
Glyma19g3370
0 
AC146865_2.2   GSVIVT00033465001 
estExt_Genewi
se1_v1.C_LG_
V0812_714948 
estExt_fgenesh
4_pm.C_LG_II
0256_830114 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
90 AT5G27720 e_gw1.36.199.1 
GRMZM2G03
8606 
GRMZM2G09
5114 
LOC_Os01g15
310 Sb03g009890.1 
Glyma02g1743
0 
Glyma03g3717
0 
Glyma10g0238
0 
Glyma19g3978
0 
AC141115_6.2 
AC202494_26.
1 
LjSGA_020126
.1 
GSVIVT00022
717001 
eugene3.00021
743_552428 
96 AT2G18740 AT4G30330 
estExt_fgenesh
1_pm.C_84002
2 
estExt_fgenesh
1_kg.C_209000
5 
e_gw1.26.139.1 
GRMZM2G01
4091 
GRMZM2G38
6608 
LOC_Os02g03
440 Sb03g001950.1 
Glyma04g3860
0 
Glyma06g1641
0 
Glyma13g0132
0 
Glyma17g0746
0 
AC196855_4.1 
CU179877_9.1   
GSVIVT00017
697001 
estExt_Genewi
se1_v1.C_LG_
XVIII2933_737
849 
estExt_Genewi
se1_v1.C_1710
010_746341 
150 AT1G20580 
estExt_fgenesh
1_pg.C_330029 
fgenesh1_pm.sc
affold_3300000
8 
GRMZM2G11
5176 
GRMZM2G11
5925 
LOC_Os02g01
250 
LOC_Os03g13
760 
Sb01g041430.1 
Glyma05g3195
0 
Glyma08g1526
0 
AC141113_9.2 chr3.CM0164.220.nd 
GSVIVT00002
878001 
eugene3.00020
086_550771 
estExt_Genewi
se1_v1.C_LG_
V2071_715635 
171 AT2G03870 
estExt_gwp_gw
1.C_1900008 
estExt_Genewi
se1.C_350284 
GRMZM2G01
6097 
GRMZM2G10
6105 
LOC_Os08g08
040 Sb06g029950.1 
Glyma05g2819
0 
Glyma08g1116
0 
AC142224_16.
2 
chr3.LjT46L11.
10.nc 
GSVIVT00008
837001 
estExt_Genewi
se1_v1.C_LG_I
1870_706444 
estExt_Genewi
se1_v1.C_LG_I
X3230_722752 
190 AT4G30220 
e_gw1.219.49.1 
estExt_Genewi
se1.C_460191 
GRMZM2G05
8252 
GRMZM2G16
8252 
LOC_Os11g43
620 
Sb03g003900.1 
Sb04g005200.1 
Glyma17g0706
0 
Glyma20g2125
0 
AC135801_11.
2 
chr5.CM0852.1
20.nd   
eugene3.00180
816_578592 
198 AT3G14080 
e_gw1.142.63.1 
estExt_fgenesh
1_pg.C_460132 
GRMZM2G09
2429 
LOC_Os04g36
810 Sb06g017930.1 
Glyma07g0458
0 
AC156828_37.
2 
AC174289_29.
2 
chr6.CM0420.2
20.nd 
GSVIVT00034
053001 
estExt_Genewi
se1_v1.C_1580
060_745826 
estExt_fgenesh
4_pm.C_LG_II
I0051_830650 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
199 AT2G43810 AT3G59810 
estExt_fgenesh
1_pg.C_170228 
estExt_Genewi
se1.C_1620125 
GRMZM2G15
9675 
LOC_Os02g30
624 
LOC_Os04g31
950 
Sb06g013920.1 
Glyma09g3983
0 
Glyma18g4637
0 
AC137667_47.
2     
estExt_fgenesh
4_pm.C_LG_V
III0306_83261
3 
201 AT2G23930 AT3G11500 
estExt_gwp_gw
1.C_2180063 
estExt_Genewi
se1.C_4750009 
GRMZM2G05
7865 
LOC_Os03g29
740 
Sb01g032730.1 
Sb02g039000.1 
Glyma03g3549
0 
Glyma19g3813
0 
AC150442_9.2   GSVIVT00021594001 
estExt_Genewi
se1_v1.C_LG_
VI0793_71704
0 
estExt_Genewi
se1_v1.C_LG_
XVI2449_7353
63 
236 AT1G03330 estExt_gwp_gw1.C_3360028 
GRMZM2G06
3322 
GRMZM2G09
2535 
LOC_Os08g05
850 
Sb04g020750.2 
Sb07g003620.1 
Glyma03g3075
0 
Glyma19g3360
0 
AC139854_38.
2   
GSVIVT00023
663001 
estExt_fgenesh
4_kg.C_LG_III
0001_813708 
estExt_fgenesh
4_kg.C_163000
4_814695 
298 AT1G65700 
estExt_fgenesh
1_pg.C_154007
0 
GRMZM2G32
0379   Sb09g030810.1 
Glyma08g1841
0 
Glyma15g4059
0 
  LjT03D12.50.nd 
GSVIVT00013
856001 
grail3.0053017
202_641478 
303 AT1G21190   AT1G76860 
estExt_gwp_gw
1.C_160192   
LOC_Os01g64
690   
Glyma02g0909
0 
Glyma16g2830
0 
AC146567_7.2 chr1.CM0316.100.nd 
GSVIVT00031
776001 
grail3.0003059
101_643482 
estExt_fgenesh
4_pm.C_LG_V
0415_831544 
307 AT5G48870 estExt_Genewise1.C_280109 
GRMZM2G04
9013 
LOC_Os05g32
310 Sb09g019200.1 
Glyma05g2580
0     
GSVIVT00020
489001 
eugene3.00090
932_557672 
grail3.0053017
102_641475 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
1.2 U1 snRNP specific proteins 
37 AT3G03340 AT5G17440 
e_gw1.88.197.1 
e_gw1.402.25.1 
GRMZM2G02
8096 
GRMZM2G06
9916 
GRMZM2G11
8014 
LOC_Os02g39
300 
LOC_Os03g62
640 
Sb01g001640.1 
Sb04g025450.1 
Glyma09g3843
0 
Glyma18g4791
0 
AC186678_23.
2 
LjT30N18.130.
nd 
GSVIVT00025
042001 
gw1.XIX.1529.
1_249129 
estExt_Genewi
se1_v1.C_8700
92_742740 
75 AT1G04080 
e_gw1.30.35.1 
e_gw1.164.9.1 
estExt_Genewi
se1.C_590198 
GRMZM2G17
8294 
LOC_Os03g11
200 Sb01g043300.1 
Glyma03g3241
0 
Glyma19g3514
0 
AC147517_33.
2 
|AC148607_56.
2 
LjSGA_023088
.1 
LjSGA_083272
.1 
GSVIVT00028
510001 
estExt_Genewi
se1_v1.C_LG_
XIV0085_7305
68 
estExt_fgenesh
4_pg.C_LG_II2
553_816978 
143 AT3G50670 e_gw1.42.134.1 e_gw1.332.23.1 
GRMZM2G11
3592 
LOC_Os10g02
630 Sb01g039540.1 
Glyma01g3812
0 
Glyma11g0720
0 
AC148484_33.
2 
chr4.CM0165.5
50.nd 
GSVIVT00024
956001 
gw1.VII.3463.1
_219158 
149 AT1G44910 
estExt_fgenesh
1_pg.C_174005
5 
GRMZM2G07
5767 
LOC_Os01g34
780 Sb03g023440.2 
Glyma14g1007
0 
Glyma17g3512
0 
  chr5.CM0200.10.nd 
GSVIVP00014
992001 
eugene3.00140
054_572009 
fgenesh4_pg.C
_LG_IX000768
_767717 
estExt_fgenesh
4_pm.C_LG_I1
075_829855 
184 AT5G51410 e_gw1.22.82.1 GRMZM2G177842 
LOC_Os07g27
300 Sb02g010960.1 
Glyma09g3580
0 
Glyma12g0155
0 
 chr3.CM0127.780.nd 
GSVIVP00029
930001 
estExt_fgenesh
4_pg.C_LG_III
0864_817271 
estExt_fgenesh
4_pm.C_29017
0_836384 
246 AT4G03120   GRMZM2G413193 
LOC_Os02g16
640 Sb04g028260.1 
Glyma02g1712
0 
Glyma10g0268
0 
  LjSGA_022586.1   
estExt_Genewi
se1_v1.C_LG_I
II1414_712203 
  
 
82 
Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
289 AT2G47580   GRMZM2G018020 
LOC_Os05g06
280 Sb09g004270.1 
Glyma03g4140
0 
Glyma19g4399
0 
    GSVIVT00028024001 
fgenesh4_pm.C
_LG_XIV0003
22_807512 
estExt_fgenesh
4_pg.C_LG_II1
730_816688 
351 AT5G46400   GRMZM2G308713 
LOC_Os08g29
124 Sb07g019230.1 
Glyma08g1286
0 
AC144608_48.
2 
LjSGA_039796
.1 
GSVIVT00003
390001 
gw1.XIX.1529.
1_249129 
estExt_Genewi
se1_v1.C_8700
92_742740 
1.3 17S U2 snRNP specific 
60 AT1G14640 AT1G14650 
e_gw1.156.105.
1 
estExt_gwp_gw
1.C_30503 
GRMZM2G02
8156 
GRMZM2G43
1306 
LOC_Os02g14
780 Sb03g010420.1 
Glyma09g0102
0 
Glyma10g4107
0 
Glyma15g1895
0 
Glyma20g2620
0 
AC141922_25.
2 
LjT29P04.220.
nd 
LjT29P04.270.
nd 
GSVIVT00030
195001 
eugene3.00070
768_562830 
fgenesh4_pm.C
_LG_V000144
_801052 
62 AT5G64270 estExt_gwp_gw1.C_110154 
GRMZM2G11
7346 
GRMZM2G41
0393 
LOC_Os02g04
950 
LOC_Os02g05
310 
LOC_Os02g05
410 
LOC_Os02g27
790 
Sb04g003370.1 
Sb03g001680.1 
Glyma13g3020
0 
AC169124_23.
2 
chr6.CM0055.6
10.nd 
GSVIVT00023
361001 
eugene3.00170
116_577374 
86 AT1G07170 AT2G30000 
estExt_Genewi
se1.C_1030037 
GRMZM2G04
7018 
GRMZM2G45
6086 
LOC_Os04g56
760 
LOC_Os05g30
410 
Sb06g031860.1 
Sb02g004290.1 
Glyma18g0689
0   
LjSGA_052672
.1 
GSVIVT00038
875001 
grail3.0053016
901_641471 
grail3.0001081
901_649849 
estExt_Genewi
se1_v1.C_LG_I
2118_706561 
estExt_fgenesh
4_pm.C_LG_I
X0434_833165 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
91 AT4G21660 
e_gw1.98.18.1 
estExt_gwp_gw
1.C_5050010 
GRMZM2G13
2060 
LOC_Os02g58
090 Sb10g031230.1 
Glyma13g2511
0 
Glyma13g3155
0 
Glyma15g0776
0 
AC149135_53.
2 
LjSGA_054238
.1 
LjSGA_088573
.1 
GSVIVT00010
279001 
fgenesh4_pg.C
_LG_XI000282
_771129 
estExt_fgenesh
4_pg.C_LG_IV
0271_817772 
105 AT3G55200 AT3G55220 
estExt_fgenesh
1_pg.C_188004
7 
estExt_Genewi
se1.C_3910042 
fgenesh1_pg.sc
affold_1970000
28 
GRMZM2G07
8592 
GRMZM2G09
6972 
LOC_Os02g04
480 Sb04g003000.1 
Glyma10g4375
0 
Glyma20g3846
0 
AC147482_63.
2 
AC157349_15.
2 
AC182813_38.
2 
chr5.CM0260.1
80.nc 
GSVIVT00029
524001 
fgenesh4_pm.C
_LG_VIII0001
72_803217 
fgenesh4_pm.C
_LG_X000853
_805547 
108 AT3G23325 AT4G14342 
estExt_gwp_gw
1.C_2150124 
GRMZM2G12
1942 
LOC_Os08g34
480 Sb07g021880.1 
Glyma08g4020
0 
Glyma18g1759
0 
AC146588_21.
2 
AC174365_16.
2 
CT963073_1.2 
CT963073_20.
2 
LjSGA_035312
.0.1 
GSVIVT00020
286001 
eugene3.00100
333_565775 
estExt_fgenesh
4_pm.C_LG_V
III0705_83284
0 
118 AT1G06960 AT2G30260 e_gw1.87.54.1 
GRMZM2G00
7590 
GRMZM2G15
3450 
LOC_Os03g18
720 Sb01g038060.1 
Glyma02g3989
0 
Glyma14g3803
0 
AC140068_40.
2 
CR932960_70.
2 
chr2.CM0058.1
00.nc 
GSVIVT00023
992001 
gw1.XIII.155.1
_239906 
estExt_fgenesh
4_pm.C_LG_X
IX0309_83616
1 
160 AT5G06160 estExt_gwp_gw1.C_2180031 
GRMZM2G17
8227 
LOC_Os03g50
850 
 
Sb06g018560.1 
Sb03g031320.1 
Glyma04g4153
0 
Glyma06g1329
0 
CR974443_9.2 chr1.CM0496.90.nd 
GSVIVT00037
110001 
gw1.XV.452.1_
251016 
eugene3.00120
183_569530 
175 AT1G09760 
estExt_fgenesh
1_pg.C_152002
5 gw1.134.46.1 
estExt_Genewi
se1.C_490074 
GRMZM2G02
1742 
LOC_Os02g13
990 Sb01g001040.1 
Glyma10g2435
0 
Glyma20g1844
0 
  LjSGA_002348.1 
GSVIVT00006
250001 
eugene3.00010
586_548145 
estExt_fgenesh
4_pm.C_LG_II
I0531_830906 
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186 AT5G12190 estExt_Genewise1.C_630098 
GRMZM2G10
7745 
GRMZM2G35
8416 
LOC_Os03g59
710 Sb01g003790.1 
Glyma02g4471
0 
Glyma14g0402
0 
AC136507_44.
2 
AC146941_26.
2 
chr2.CM0308.2
80.nc 
GSVIVT00017
245001 
grail3.0001086
301_649901 
estExt_Genewi
se1_v1.C_LG_I
1980_706505 
202 AT2G18510 estExt_gwp_gw1.C_700168 
GRMZM2G10
2639 
GRMZM2G17
0699 
LOC_Os10g31
900 Sb01g020190.1 
Glyma09g0031
0 
Glyma12g3695
0 
AC139882_12.
2 
AC148818_28.
2 
CT009535_3.2 
LjSGA_046448
.1 
GSVIVT00024
968001 
gw1.57.217.1_4
24250 
295 AT2G32600 
gw1.29.96.1 
fgenesh1_pg.sc
affold_3180000
42 
GRMZM2G30
7906 
LOC_Os03g15
700 Sb01g040250.1 
Glyma13g4443
0 
Glyma15g0084
0 
  chr3.CM0590.350.nc 
GSVIVT00000
599001 
grail3.0025001
901_667866 
624 AT3G49130 AT5G06520                   
1.4 U5 snRNP specific proteins 
13 AT1G56070 AT3G12915 
estExt_fgenesh
1_pm.C_43100
02 
estExt_gwp_gw
1.C_1380085 
estExt_Genewi
se1.C_1380094 
estExt_Genewi
se1.C_1380097 
estExt_Genewi
se1.C_4310001 
estExt_Genewi
se1.C_3495000
1 
AC203173.3 
GRMZM2G04
0369 
GRMZM2G09
5851 
GRMZM2G11
3250 
LOC_Os01g52
470 
LOC_Os01g53
900 
LOC_Os02g32
030 
LOC_Os04g02
820 
Sb03g033210.1 
Sb01g002040.2 
Sb01g002040.1 
Sb03g034200.1 
Glyma08g1811
0 
Glyma15g4084
0 
Glyma15g4085
0 
Glyma15g4086
0 
AC146817_13.
2 
AC146817_14.
2 
AC169513_1.2 
LjSGA_018952
.1 
LjSGA_074884
.1 
LjSGA_091217
.1 
LjSGA_119931
.1 
GSVIVT00025
738001 
GSVIVT00025
739001 
eugene3.00050
364_558749 
eugene3.00070
821_562883 
eugene3.00070
822_562884 
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31 
AT1G20960 
AT2G42270 
AT5G61140 
e_gw1.84.11.1 
estExt_Genewise
1.C_280123 
GRMZM2G02
6991 
LOC_Os02g01
740 
LOC_Os03g11
470 
LOC_Os03g53
220 
 
Sb02g040700.1 
Sb01g042980.1 
Sb04g000670.1 
Glyma06g2197
0 
Glyma08g1849
0 
Glyma15g4046
0 
AC174366_25.
2 
AC202497_1.1 
AC202497_18.
1 
AC202497_4.1 
AC202497_9.1 
CU182773_13.
1 
CU182773_14.
1 
chr3.CM0279.3
70.nc 
chr5.LjT14K23
.20.nc 
GSVIVT00001
949001 
GSVIVT00016
213001 
gw1.82.68.1_29
6528 
fgenesh4_pg.C
_LG_XII00095
4_773179 
fgenesh4_pg.C
_LG_XV00070
4_776276 
73 AT1G80070 AT4G38780 
estExt_gwp_gw1
.C_4380024 
estExt_Genewise
1.C_1010009 
GRMZM2G09
9355 
GRMZM2G43
3801 
LOC_Os05g07
050 
LOC_Os06g07
080 
Sb10g004680.1 
Glyma13g4429
0 
Glyma15g0098
0 
AC153129_17.
2 
AC159141_26.
2 
AC172743_18.
2 
AC174466_42.
2 
AC202568_1.1 
chr3.LjT23O13
.150.nd 
chr3.LjT23O13
.30.nd 
GSVIVT00000
309001 
GSVIVT00000
310001 
eugene3.00440
042_592707 
98 AT1G28180 AT2G33730 
e_gw1.11.51.1 
estExt_Genewise
1.C_760056 
GRMZM2G05
7394 
GRMZM2G12
3459 
LOC_Os03g50
090 
Sb05g024780.1 
Sb01g010590.1 
Glyma07g3991
0 
Glyma17g0086
0 
AC146560_18.
2   
GSVIVT00029
727001 
GSVIVT00035
915001 
fgenesh4_pg.C
_LG_XV00038
0_775952 
153 AT1G06220 AT5G25230 
estExt_fgenesh1
_pm.C_1170010 
estExt_fgenesh1
_pm.C_2140004 
GRMZM2G31
6232 
LOC_Os06g40
600 Sb10g023820.1 
Glyma13g2342
0 
Glyma17g1141
0 
AC138131_47.
2 LjT06I13.90.nc 
GSVIVT00005
644001 
grail3.0020036
201_669672 
estExt_fgenesh
4_pm.C_LG_V
I0503_832004 
162 AT4G03430 
estExt_Genewise
1.C_160130 
estExt_Genewise
1.C_2120013 
GRMZM2G04
9902 
GRMZM2G40
1561 
LOC_Os01g15
860 
LOC_Os10g35
550 
Sb09g029840.1 
Glyma12g3305
0 
Glyma13g3742
0 
AC144617_5.2 chr3.CM0160.70.nc 
GSVIVT00025
837001 
estExt_Genewi
se1_v1.C_LG_
XIII3357_7304
90 
165 AT3G22980 estExt_gwp_gw1.C_680076 
GRMZM2G13
4982 
LOC_Os02g33
850 
LOC_Os03g44
780 
Sb01g013210.1 
Glyma09g4205
0 
Glyma19g2883
0 
AC146552_4.2 LjT41N19.140.nd 
GSVIVT00005
997001 
gw1.IX.593.1_
200128 
gw1.IX.605.1_
200140 
eugene3.12925
0001_581305 
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188 AT5G08290 estExt_Genewise1.C_1410065 
GRMZM2G10
8277 
LOC_Os07g10
256 
LOC_Os10g34
520 
Sb10g007680.1 
Glyma09g4201
0 
Glyma19g2885
0 
AC140026_26.
2 
AC163324_58.
2 
chr6.LjT06I08.
50.nc 
GSVIVT00020
074001 
estExt_fgenesh
4_kg.C_LG_VI
I0024_813981 
291 AT2G43770 
e_gw1.72.72.1 
estExt_gwp_gw1
.C_1170033 
GRMZM2G08
9857 
LOC_Os06g44
370 Sb10g025990.1 
Glyma16g0416
0 
Glyma19g2923
0 
AC126009_25.
2   
GSVIVT00034
694001 
eugene3.00190
894_574420 
354 AT3G27730 e_gw1.41.16.1 GRMZM2G346278 
LOC_Os02g40
450 Sb04g026080.1 
Glyma16g0785
0     
GSVIVT00020
695001 
gw1.I.2464.1_1
73864 
1.5 U4/U6 snRNP specific proteins 
70 
AT4G12600 
AT4G22380 
AT5G20160 
estExt_gwp_gw1
.C_280040 
estExt_gwp_gw1
.C_650023 
estExt_Genewise
1.C_340284 
estExt_Genewise
1.C_650018 
AC233859.1 
GRMZM2G14
0799 
LOC_Os03g13
800 
Sb01g047920.1 
Sb01g041420.1 
Glyma02g3951
0 
Glyma13g2369
0 
Glyma14g3760
0 
Glyma17g1243
0 
AC202469_4.1 
AC202570_10.
1 
chr1.LjT39K18
.150.nc 
GSVIVT00016
877001 
GSVIVT00018
373001 
estExt_fgenesh
4_pg.C_410046
_826867 
113 AT1G60170 fgenesh1_pm.scaffold_154000005 
GRMZM2G00
3307 
LOC_Os04g46
890 
LOC_Os07g04
850 
Sb06g024840.1 
Glyma16g0681
0 
Glyma19g2431
0 
AC150800_1.2 LjSGA_058502.1 
GSVIVT00028
845001 
gw1.XIV.1845.
1_245102 
eugene3.00021
631_552316 
173 AT1G28060 estExt_fgenesh1_pg.C_2690063 
GRMZM2G37
5172 
LOC_Os09g07
500 Sb04g009590.2 
Glyma01g4399
0 
Glyma11g0146
0 
Glyma20g3860
0 
CT571261_24.
2 
chr5.CM0260.4
30.nc 
GSVIVT00029
506001 
gw1.X.2419.1_
227722 
fgenesh4_pg.C
_LG_VIII0003
91_765377 
292 AT2G41500 e_gw1.29.46.1 GRMZM2G101689 
LOC_Os03g23
909 Sb01g035220.1 
Glyma02g3462
0 
Glyma10g0030
0 
CR936327_16.
2 
chr5.CM0278.2
20.nc 
GSVIVT00025
331001 
fgenesh4_pm.C
_LG_VI000143
_801796 
294 AT2G38730 estExt_fgenesh1_pg.C_2320043 
GRMZM2G05
7329 
LOC_Os03g59
700 Sb01g003800.1 
Glyma09g1196
0 
AC149307_6.2 
AC174326_23.
2 
chr3.CM0690.2
90.nc 
GSVIVT00030
885001 
estExt_fgenesh
4_pg.C_LG_III
1703_817630 
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1.6 Tri-snRNP specific proteins 
141 
AT4G22285 
AT4G22350 
AT4G22410 
gw1.7.83.1 GRMZM2G091151 
LOC_Os09g24
250 Sb10g027800.1 
Glyma10g0850
0 
Glyma13g2219
0 
AC151739_7.2 
AC202594_7.1 
chr2.CM0249.1
090.nc 
GSVIVT00010
886001 
gw1.XVI.748.1
_254809 
eugene3.00060
108_560149 
159 AT5G16780 estExt_fgenesh2_pg.C_990065 
GRMZM2G10
9284 
LOC_Os02g30
730 Sb02g040460.1 
Glyma07g3460
0 
Glyma08g2466
0 
Glyma15g2996
0 
  
LjSGA_024791
.1 
LjSGA_035379
.1 
GSVIVT00007
133001 
gw1.III.133.1_4
13030 
grail3.0008027
801_640254 
241 AT5G57370   GRMZM2G097593 
LOC_Os02g26
349 Sb02g039630.1 
Glyma13g0090
0 
Glyma17g0699
0 
AC159873_3.2 LjSGA_146737.1 
GSVIVT00031
353001 
eugene3.00180
809_578585 
288 AT3G05760 estExt_gwp_gw1.C_2010100 
GRMZM2G05
1458 
LOC_Os03g61
640 Sb03g003400.1 
Glyma03g3912
0 
Glyma19g4168
0 
  chr1.CM0206.120.nd 
GSVIVT00022
628001 
estExt_Genewi
se1_v1.C_LG_
XIII0652_7294
49 
365 AT4G22290         
Glyma09g0118
0 
Glyma15g1200
0 
AC121236_8.2   GSVIVT00011719001 
eugene3.00110
190_568176 
fgenesh4_pg.C
_scaffold_1660
00057_786320 
1.7 18S U11/U2 snRNP specific proteins 
128 AT3G07860 
e_gw1.3.614.1 
e_gw1.278.27.1 
estExt_Genewi
se1.C_1090004 
GRMZM2G04
7321 
LOC_Os04g56
770 Sb06g031870.1 
Glyma11g1092
0 
Glyma11g1097
0 
Glyma12g0317
0 
AC122726_14.
2 
AC125476_1.2 
AC146776_33.
2 
  GSVIVT00015525001 
fgenesh4_pm.C
_LG_II000072
_798383 
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151 AT1G09230 e_gw1.116.32.1 GRMZM2G042615 
LOC_Os03g21
020 Sb01g036600.1 
Glyma16g0471
0 
Glyma19g2853
0 
AC145753_35.
2 
chr1.CM0104.2
90.nd 
GSVIVT00001
950001 
GSVIVT00038
819001 
GSVIVT00038
820001 
eugene3.00190
362_573888 
estExt_Genewi
se1_v1.C_LG_
XIII1925_7299
48 
339 AT2G43370 
fgenesh1_pg.sc
affold_7000004
5 
GRMZM2G30
1536 
LOC_Os09g33
870 Sb02g029740.1 
Glyma08g4814
0 
Glyma18g5335
0 
    GSVIVT00001916001 
fgenesh4_pg.C
_scaffold_6400
0067_782205 
367 AT3G10400 e_gw1.43.74.1 GRMZM2G053223 
LOC_Os09g37
720 Sb02g031980.1       
GSVIVT00018
105001 
gw1.X.2822.1_
228125 
2.1 Splice site selection 
12 AT1G60900 AT4G36690 
e_gw1.58.41.1 
e_gw1.79.119.1 
estExt_gwp_gw
1.C_2700027 
gw1.88.127.1 
GRMZM2G02
2763 
GRMZM2G05
7450 
GRMZM2G09
3256 
LOC_Os11g41
820 
LOC_Os11g45
590 
Sb05g026740.1  
Sb05g025260.2 
Glyma04g4350
0 
Glyma06g4823
0 
AC124956_60.
2 
AC161788_24.
2 
CT010464_26.
2 
CU234149_15.
1 
chr3.CM0129.1
50.nc 
GSVIVT00024
970001 
gw1.57.228.1_4
24261 
estExt_Genewi
se1_v1.C_LG_
VII3407_71945
9 
16 AT1G27650 AT5G42820 
estExt_gwp_gw
1.C_2150084 
gw1.15.161.1 
GRMZM2G02
0928 
GRMZM2G02
5014 
GRMZM2G03
1827 
LOC_Os05g48
960 
Sb03g030670.1  
Sb09g028530.1 
Glyma07g2009
0 
Glyma12g3059
0 
Glyma20g0095
0 
AC140774_4.2 
AC202461_20.
1 
LjB15A13.120.
nd 
chr3.CM0396.9
0.nc 
GSVIVT00002
951001 
GSVIVT00021
681001 
eugene3.00051
631_560016 
grail3.0003001
802_642753 
grail3.0028027
401_676151 
estExt_Genewi
se1_v1.C_6601
25_741667 
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23 AT3G01150 AT5G53180 
e_gw1.81.40.1    
gw1.326.8.1 
GRMZM2G05
8039 
GRMZM2G17
8169 
LOC_Os01g43
170 
LOC_Os08g33
830 
Sb07g021250.1 
Sb03g028150.1 
Glyma04g4166
0 
Glyma06g1313
0 
Glyma09g3708
0 
Glyma13g0817
0 
Glyma14g3049
0 
Glyma18g4958
0 
AC122724_35.
2 
AC140025_37.
2 
AC148485_50.
2 
CT963079_1.2 
chr1.CM0141.2
70.nc 
GSVIVT00006
509001 
gw1.IV.78.1_1
94989 
gw1.XV.556.1_
251120 
gw1.XVII.1172
.1_259181 
55 AT1G43190 
e_gw1.48.34.1 
estExt_Genewise
1.C_360029 
GRMZM2G05
2926 
GRMZM2G07
0113 
LOC_Os01g64
770 
LOC_Os05g36
120 
Sb09g021560.1 
Glyma02g0887
0 
Glyma10g3677
0 
Glyma16g2797
0 
Glyma20g3082
0 
AC150978_38.
2 
chr5.CM0052.2
30.nd 
GSVIVT00019
344001 
GSVIVT00031
740001 
gw1.II.1931.1_
410596 
estExt_Genewi
se1_v1.C_LG_
V0370_714769 
137 AT5G51300 
estExt_gwp_gw1
.C_870043 
estExt_gwp_gw1
.C_1380136 
GRMZM2G00
0980 
GRMZM2G03
4313 
LOC_Os04g31
620 
Sb06g025810.1 
Sb01g038690.1 
Glyma09g3651
0 
Glyma12g0085
0 
  LjSGA_048053.1 
GSVIVT00027
806001 
gw1.III.1359.1_
414256 
gw1.29.285.1_4
23773 
211 AT2G13540 
estExt_fgenesh1
_pm.C_140014 
estExt_Genewise
1.C_410020 
AC199922.3 
GRMZM2G08
3689 
LOC_Os03g22
570 Sb01g035510.1 
Glyma16g0541
0 
Glyma19g2745
0 
AC149131_44.
2 
chr1.CM1880.3
0.nc 
GSVIVT00022
233001 
estExt_Genewi
se1_v1.C_LG_I
X3662_722993 
216 AT5G44200   GRMZM2G034804 
LOC_Os02g39
890 Sb04g025800.1 
Glyma12g3340
0 
Glyma13g3703
0 
  chr3.CM0160.780.nd 
GSVIVT00018
636001 
estExt_Genewi
se1_v1.C_LG_
VII0586_71823
2 
estExt_fgenesh
4_pm.C_64006
4_836651 
235 AT1G10320 e_gw1.333.45.1 GRMZM2G047528 
LOC_Os02g35
150 
Sb04g022810.1 
Sb04g022813.1 
Glyma08g1731
0 
Glyma15g3922
0 
AC140549_72.
2 
AC140549_84.
2 
  GSVIVT00035343001 
eugene3.00860
069_596778 
grail3.0086005
901_681070 
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258 AT2G33440 e_gw1.126.58.1 GRMZM2G126839 
LOC_Os01g72
650 
LOC_Os03g04
520 
Sb01g047730.1     LjSGA_040428.1 
GSVIVT00020
315001 
gw1.X.4522.1_
229825 
2.2 SR proteins 
5 
AT1G02840 
AT1G09140 
AT4G02430 
e_gw1.7.233.1 
e_gw1.173.63.1 
estExt_Genewi
se1.C_280136 
GRMZM2G33
1811 
GRMZM2G43
6092 
LOC_Os03g22
380 
LOC_Os05g30
140 
LOC_Os07g47
630 
Sb01g035680.1 
Glyma03g3724
0 
Glyma19g3985
0 
Glyma20g3806
0 
AC134522_50.
2 
AC144541_44.
2 
chr5.CM0299.2
60.nc 
GSVIVT00027
992001 
gw1.II.749.1_4
09414 
gw1.XII.145.1_
421685 
fgenesh4_pg.C
_LG_XIII0000
80_773626 
fgenesh4_pm.C
_scaffold_1330
00019_811208 
6 
AT1G23860 
AT2G24590 
AT4G31580 
e_gw1.207.127.
1 
e_gw1.332.33.1 
GRMZM2G02
7105 
GRMZM2G15
1923 
LOC_Os02g39
720 
LOC_Os06g08
840 
Sb10g005960.1 
Glyma08g3983
0 
Glyma14g1793
0 
Glyma17g2908
0 
Glyma18g1886
0 
CR936368_46.
2 
LjSGA_021019
.1 
GSVIVT00028
848001 
gw1.XIX.900.1
_248500 
gw1.XVIII.216
3.1_261622 
eugene3.01470
005_583120 
18 AT5G64200 
e_gw1.42.218.1 
estExt_fgenesh
1_pg.C_397001
9 
GRMZM2G01
6296 
GRMZM2G02
5281 
GRMZM2G07
7823 
LOC_Os07g43
050 
LOC_Os08g37
960 
Sb07g029000.1 
Sb02g039740.2 
Glyma05g2454
0 
Glyma08g0773
0 
AC144459_24.
2 
chr4.CM0182.4
40.nc 
GSVIVT00000
274001 
GSVIVT00015
240001 
grail3.0067008
905_645719 
estExt_Genewi
se1_v1.C_LG_I
I0296_709848 
24 AT2G37340 AT3G53500   
GRMZM2G09
9186 
GRMZM2G09
9317 
GRMZM2G17
5419 
GRMZM2G47
4658 
LOC_Os03g17
710 
LOC_Os05g02
880 
LOC_Os05g07
000 
Sb09g001910.1 
Sb09g001920.1 
Glyma03g3326
0 
Glyma03g3327
0 
Glyma19g3598
0 
Glyma19g3599
0 
  
LjT38D03.80.n
d 
chr1.CM0033.1
0.nd 
chr1.CM0033.2
0.nd 
GSVIVT00023
097001 
GSVIVT00029
498001 
grail3.0013007
302_653760 
grail3.0004036
801_667717 
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39 AT4G25500 AT5G52040 
estExt_fgenesh
1_pg.C_144004
3 
GRMZM2G12
1269 
LOC_Os02g03
040 Sb04g001910.1 
Glyma03g0192
0 
Glyma10g3840
0 
Glyma20g2946
0 
AC202516_18.
1 
LjT39A22.50.n
d 
GSVIVT00026
247001 
gw1.XIV.1029.
1_244286 
gw1.XV.3134.1
_253698 
gw1.II.2943.1_
411608 
gw1.XII.1631.1
_423171 
77 AT1G55310 AT3G13570 
estExt_fgenesh
1_pm.C_27000
06        
e_gw1.183.81.1 
AC203812.3 
GRMZM2G06
0594 
GRMZM2G42
6229 
LOC_Os03g25
770 
LOC_Os07g43
950 
Sb01g034200.1 
Sb02g040350.1 
Glyma02g3854
0 
Glyma09g1582
0 
Glyma14g3667
0 
AC146760_9.2 LjSGA_024086.1   
gw1.XVI.1974.
1_256035 
84 AT2G46610 AT3G61860   
GRMZM2G02
1223 
GRMZM2G06
4612 
LOC_Os04g02
870 
Sb06g001100.1 
Sb01g049590.1 
Glyma07g0590
0 
Glyma16g0250
0 
    GSVIVT00008658001 
gw1.XIV.1813.
1_245070 
eugene3.00021
623_552308 
247 AT3G55460     
LOC_Os02g15
310 
LOC_Os12g38
430 
Sb05s14002010
.1 
Sb05g027700.1 
Glyma02g4151
0 
Glyma14g0744
0 
CR962128_15.
2 
chr2.CM0405.1
10.nd   
gw1.X.2172.1_
227475 
grail3.0049021
701_656109 
250 AT3G49430         
Glyma04g4074
0 
Glyma06g1406
0 
CT868739_29.
2 
chr2.CM0249.1
120.nc 
GSVIVT00037
180001 
gw1.XV.140.1_
250704 
333 AT5G18810     LOC_Os03g24890 Sb01g034590.1 
Glyma07g3827
0 
Glyma17g0247
0 
  chr4.LjT32J05.120.nc   
gw1.VIII.2127.
1_420699 
estExt_fgenesh
4_kg.C_LG_X0
007_814124 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
2.3 17S U2 associated proteins 
4 
AT1G32490 
AT2G35340 
AT2G47250 
AT3G26560 
AT3G62310 
AT4G16680 
AT5G13010 
estExt_fgenesh1
_pg.C_3310026 
estExt_gwp_gw1
.C_180152 
estExt_gwp_gw1
.C_430071 
estExt_Genewise
1.C_180147 
estExt_Genewise
1.C_4270010 
GRMZM2G012
453 
GRMZM2G029
258 
GRMZM2G068
479 
GRMZM2G121
776 
GRMZM2G385
931 
GRMZM2G480
809 
LOC_Os02g19
860 
LOC_Os03g19
960 
LOC_Os05g32
370 
LOC_Os06g23
530 
LOC_Os07g32
430 
LOC_Os08g24
760 
Sb03g010540.1 
Sb04g022460.1 
Sb09g019260.1 
Sb01g037170.1 
Sb01g044300.1 
Sb07g026490.1 
Sb02g034295.1 
Sb03g002030.1   
Glyma01g04790 
Glyma02g01390 
Glyma03g37980 
Glyma06g21830 
Glyma08g00230 
Glyma10g01410 
Glyma13g41740 
Glyma14g40560 
Glyma15g03660 
Glyma15g33060 
Glyma17g37550 
Glyma18g00730 
Glyma19g40600 
AC136449_2
8.2 
AC146307_2
1.2 
AC153352_2
1.2 
AC196764_1
3.1 
AC202344_1
.1 
CR962133_2
1.2 
CT962504_1
6.2 
LjSGA_019513
.1 
chr1.CM0122.6
90.nd 
GSVIVT00016
254001 
GSVIVT00028
144001 
GSVIVT00033
641001 
GSVIVT00035
046001 
gw1.XV.273.1_
250837 
eugene3.00120
105_569452 
eugene3.01970
032_586590 
grail3.0154005
801_659337 
fgenesh4_pg.C
_LG_XIV0005
87_774677 
fgenesh4_pm.C
_LG_II000920
_799231 
100 AT5G10800 AT5G25060 
estExt_gwp_gw1
.C_1960080 
estExt_fgenesh2
_pg.C_1370031 
GRMZM2G13
3308 
GRMZM2G17
4785 
LOC_Os02g08
360 Sb04g005430.1 
Glyma08g34030 
Glyma16g15820 
AC145470_2
1.2 
LjB10M19.170.
nd 
GSVIVT00032
794001 
estExt_fgenesh
4_pg.C_LG_VI
1900_819630 
estExt_fgenesh
4_pg.C_LG_X
VIII0504_8257
88 
146 AT2G02570 
e_gw1.51.85.1 
e_gw1.79.70.1 
estExt_fgenesh1
_pg.C_590212 
GRMZM2G00
5737 
LOC_Os08g01
840 Sb07g001010.1 
Glyma07g40240 
Glyma17g00560   
LjSGA_024947
.1 
GSVIVT00035
349001 
eugene3.00860
077_596786 
265 AT1G30480 estExt_fgenesh1_pg.C_2810007 
GRMZM2G14
5034 
LOC_Os01g34
190 Sb10g003990.1 
Glyma07g35050 
Glyma20g02910 
AC202467_1
8.1 
chr4.CM0229.2
30.nc 
GSVIVT00028
417001 
gw1.XI.3073.1
_235093 
fgenesh4_pm.C
_LG_I001181_
798178 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
2.4 35S U5 associated proteins 
0 AT1G09080 
AT1G16030 
AT1G56410 
AT3G09440 
AT3G12580 
AT5G02490 
AT5G02500 
AT5G28540 
AT5G42020 
estExt_fgenesh
1_pg.C_20112 
estExt_Genewi
se1.C_390053 
estExt_Genewi
se1.C_1810001 
estExt_Genewi
se1.C_3510021 
estExt_Genewi
se1.C_5260001 
fgenesh2_pg.sc
affold_9700010
5  
fgenesh1_pm.sc
affold_9100001
7 
fgenesh1_pg.sc
affold_2880000
14 
fgenesh1_pg.sc
affold_2980000
15 
AC209784.3 
GRMZM2G05
6039 
GRMZM2G06
6902 
GRMZM2G10
6429 
GRMZM2G14
5275 
GRMZM2G31
0431 
GRMZM2G34
0251 
GRMZM2G35
1416 
GRMZM2G36
6532 
GRMZM2G41
5007 
GRMZM2G42
8391 
GRMZM2G47
1196 
LOC_Os01g62
290 
LOC_Os02g02
410 
LOC_Os03g16
860 
LOC_Os03g16
880 
LOC_Os03g16
920 
LOC_Os03g50
250 
LOC_Os03g60
620 
LOC_Os05g30
480 
LOC_Os05g35
400 
LOC_Os05g38
530 
LOC_Os08g09
770 
LOC_Os11g08
440 
LOC_Os11g08
445  
LOC_Os11g08
460LOC_Os11
g08470 
LOC_Os11g47
760 
Sb03g041830.1 
Sb03g039360.1 
Sb01g039390.1 
Sb04g001140.1 
Sb01g039480.1 
Sb01g039460.1 
Sb03g039360.1 
Sb08g018750.1 
Sb01g039430.1 
Sb01g039440.1 
Sb01g039510.1 
Sb01g039500.1 
Sb01g039450.1 
Sb01g039470.1 
Sb01g010460.1 
Sb01g039530.1 
Sb09g022580.1 
Glyma02g0940
0 
Glyma02g1032
0 
Glyma02g3670
0 
Glyma03g3285
0 
Glyma05g3660
0 
Glyma05g3662
0 
Glyma07g2655
0 
Glyma08g0294
0 
Glyma08g0296
0 
Glyma11g1495
0 
Glyma12g0691
0 
Glyma13g1933
0 
Glyma13g2958
0 
Glyma13g2959
0 
Glyma15g0942
0 
Glyma15g0943
0 
Glyma15g1028
0 
Glyma17g0802
0 
AC127167_39.2 
AC127167_41.2 
AC127167_44.2 
AC127167_45.2 
AC137996_18.2 
AC137996_20.2 
AC137996_23.2 
AC137996_25.2 
AC137996_26.2 
AC137996_27.2 
AC137996_40.2 
AC137996_52.2 
AC137996_53.2  
AC155895_3.2 
AC171167_13.2 
AC171167_17.2 
AC171167_18.2 
AC171167_29.2 
AC171167_32.2 
AC171167_34.2 
AC171167_5.2  
LjSGA_009490.
3 
LjSGA_012865.
1 
LjSGA_019550.
1 
LjSGA_020408.
2 
LjSGA_024670.
1 
LjSGA_025770.
1 
LjSGA_028864.
1 
LjSGA_030747.
1 
LjSGA_042820.
1 
LjSGA_048515.
1 
LjSGA_051144.
1 
LjSGA_066441.
1 
LjSGA_077967.
1 
LjT41B11.10.nd 
LjT41B11.100.n
d 
LjT41B11.200.n
d 
chr1.CM0133.14
30.nc 
chr1.CM0147.49
0.nc 
chr1.LjT14I13.2
10.nd 
chr1.LjT14I13.2
40.nd 
GSVIVT000
06687001 
GSVIVT000
17185001 
GSVIVT000
18481001 
GSVIVT000
18506001 
GSVIVT000
21301001 
GSVIVT000
22731001 
GSVIVT000
24351001 
GSVIVT000
24357001 
GSVIVT000
37232001 
gw1.261.22.1_2
80872 
gw1.261.46.1_2
80896 
gw1.261.59.1_2
80909 
eugene3.00080
482_563887 
eugene3.00080
489_563894 
eugene3.00120
231_569578 
eugene3.00130
164_570800 
eugene3.02080
008_587191 
eugene3.02080
009_587192 
grail3.0261001
101_675629 
estExt_Genewi
se1_v1.C_LG_I
II0234_711719 
fgenesh4_pg.C
_LG_VIII0004
55_765441 
fgenesh4_pm.C
_LG_III000644
_800179 
estExt_fgenesh
4_pg.C_LG_X1
852_822482 
estExt_fgenesh
4_pm.C_LG_I0
291_829431 
estExt_fgenesh
4_pm.C_LG_V
III0195_83254
2  
  
 
94 
Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
0 
     Glyma18g5247
0 
Glyma18g5248
0 
Glyma18g5261
0 
Glyma18g5265
0 
Glyma18g5276
0 
Glyma19g3556
0 
AC171167_6.2 
AC171619_12.2 
AC188991_10.1 
AC174467_36.2 
AC184161_21.2 
AC188991_15.1 
AC188991_23.1 
AC188991_7.1 
AC195561_15.1 
CT963112_21.2 
AC137996_65.2 
AC137996_7.2 
AC137996_9.2 
AC138130_37.2 
AC140546_4.2 
AC140547_7.2 
AC145449_27.2 
AC146757_44.2 
AC146757_74.2 
AC149204_23.2 
AC149204_27.2 
AC150446_33.2 
AC150776_9.2 
AC155888_17.2 
AC155895_2.2 
chr1.LjT16O
03.90.nd 
chr2.CM0120
.590.nd 
chr2.CM0373
.840.nc 
chr2.CM0373
.850.nc 
chr3.CM0452
.230.nd 
chr4.CM0179
.510.nd 
chr6.CM0118
.540.nd 
chr6.CM0118
.670.nc 
  
47 AT4G21110 
estExt_fgenesh
1_pm.C_13900
14 
estExt_gwp_gw
1.C_220243 
GRMZM2G02
0728 
GRMZM2G05
3801 
GRMZM2G09
5670 
GRMZM2G09
9007 
LOC_Os01g63
890 
LOC_Os04g55
290 
LOC_Os05g37
390 
Sb03g040410.1 
Sb09g022770.2 
Glyma05g2844
0 
Glyma08g1145
0 
AC146585_4.2 chr5.CM0040.250.nc 
GSVIVT00019
780001 
gw1.IX.738.1_
200273 
gw1.66.52.1_29
3379 
66 
AT3G13210 
AT5G41770 
AT5G45990 
estExt_fgenesh
1_pm.C_74001
5 
estExt_fgenesh
1_pg.C_50158 
GRMZM2G10
0448 
LOC_Os05g22
260 
LOC_Os06g33
250 
Sb01g012080.1 
Sb09g020460.1 
Glyma01g4337
0 
Glyma11g0210
0 
AC166146_3.2 
AC202353_26.
1 
CU424495_8.1 
chr1.CM0318.7
0.nd 
chr2.CM0099.3
10.nd 
GSVIVT00002
461001 
eugene3.00031
096_554463 
fgenesh4_pm.C
_LG_I000327_
797324 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
67 
AT2G16600 
AT2G21130 
AT4G34870 
AT4G38740 
estExt_fgenesh
1_pg.C_249003
7 
GRMZM2G16
2388 
GRMZM2G32
6111 
LOC_Os02g02
890 
Sb04g001740.1 
Sb04g021380.1 
Glyma04g00700 
Glyma06g00740 
Glyma11g10480 
Glyma12g02790 
CU024876_2
5.2 
LjSGA_031559
.1 
chr1.CM0231.1
40.nd 
GSVIVT00014
412001 
estExt_fgenesh
4_kg.C_LG_IV
0063_813818 
estExt_fgenesh
4_pg.C_LG_II0
204_816014 
estExt_fgenesh
4_pg.C_LG_V1
539_818813 
estExt_fgenesh
4_pg.C_LG_IX
0365_821113 
119 AT1G04510 AT2G33340 
estExt_gwp_gw
1.C_640096 
estExt_Genewi
se1.C_140201 
GRMZM2G03
7698 
LOC_Os10g32
880 Sb01g019790.1 
Glyma10g26870 
Glyma20g21330 
AC146759_5
.2 
LjSGA_061630
.1 
GSVIVT00020
342001 
eugene3.00100
377_565819 
estExt_fgenesh
4_pg.C_LG_VI
II1499_820827 
121 AT5G28740 
estExt_fgenesh
2_pg.C_139001
4 
GRMZM2G06
0160 
GRMZM2G35
6894 
LOC_Os01g49
270 
LOC_Os06g12
910 
LOC_Os07g44
970 
Sb10g008460.1 
Sb02g041110.1 
Glyma13g31940 
Glyma15g07380   
LjSGA_062711
.1 
GSVIVT00009
727001 
estExt_Genewi
se1_v1.C_LG_I
V2251_713683 
133 AT1G07360 AT2G29580 
estExt_gwp_gw
1.C_840209 
GRMZM2G16
0863 
LOC_Os06g07
350 
LOC_Os07g18
050 
Sb04g030200.1 
Sb10g004840.1 
Glyma02g47360 
Glyma13g03760 
Glyma14g01390 
Glyma20g10260 
AC146743_2
5.2 
LjSGA_011702
.1 
GSVIVT00024
168001 
gw1.IX.3922.1
_203457 
eugene3.00091
234_557974 
166 AT3G18165 estExt_fgenesh2_kg.C_780006 
GRMZM2G41
9085 
LOC_Os01g16
010 Sb03g010330.1 
Glyma05g34090 
Glyma08g05590 
AC150743_4
2.2 
chr4.CM0042.2
070.nc 
GSVIVT00017
780001 
eugene3.00150
362_574967 
197 AT3G16650 AT4G15900 
e_gw1.169.38.1 
estExt_fgenesh
1_pg.C_402003
5 
GRMZM2G01
7089 
LOC_Os03g21
990 Sb06g001620.1 
Glyma09g04910 
Glyma15g15960   
chr6.LjT35H04
.230.nd 
GSVIVT00010
038001 
estExt_Genewi
se1_v1.C_LG_
X3939_725686 
203 AT2G16860 e_gw1.19.97.1 
GRMZM2G10
2447 
GRMZM2G30
8689 
LOC_Os06g49
740 Sb10g029690.1 
Glyma10g42810 
Glyma20g24190   
LjSGA_027768
.1 
GSVIVT00036
134001 
estExt_fgenesh
4_pm.C_LG_I
V0542_831321 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
224 AT3G13200 
fgenesh1_pg.sc
affold_1690000
61 
GRMZM2G15
4278 
LOC_Os06g01
700 
Sb01g012080.1 
Sb09g020460.1 Glyma17g15050 
AC138087_1
0.2 
AC183430_4
.2 
chr4.CM0281.1
30.nc 
GSVIVT00033
426001 
eugene3.00012
679_550238 
228 AT1G77180 estExt_gwp_gw1.C_560076 
GRMZM2G47
8709 
LOC_Os02g52
250 Sb04g033860.1 
Glyma01g01190 
Glyma16g08450 
AC192958_8
.1 
chr3.CM0261.2
80.nc 
GSVIVT00016
680001 
eugene3.00180
746_578522 
fgenesh4_pg.C
_scaffold_2110
00011_787442 
238 AT1G09770 estExt_Genewise1.C_6410001 AC203535.4 
LOC_Os04g28
090 
Sb08g015280.1 
Sb03g044450.1 
Glyma10g30870 
Glyma20g36600   
chr1.CM0600.1
00.nd 
GSVIVT00002
219001 
gw1.XIX.527.1
_248127 
eugene3.00130
457_571093 
254 AT3G02710 
fgenesh1_pg.sc
affold_2940000
01 
GRMZM2G04
3331 
LOC_Os02g58
460 Sb04g038390.1 
Glyma18g0521
0 
AC137821_32.
2 
AC171395_9.2 
LjSGA_011794
.1 
GSVIVT00002
674001 
GSVIVT00023
517001 
  
257 AT2G38770 estExt_gwp_gw1.C_4750024 
GRMZM2G41
0479 
LOC_Os03g26
960 Sb01g033760.1 
Glyma0048s00
340 
Glyma20g0026
0 
AC151709_31.
2 
LjT39F13.60.n
c 
GSVIVT00005
499001 
GSVIVT00033
709001 
eugene3.00031
640_555007 
317 AT3G05070 gw1.290.18.1 GRMZM2G055682 
LOC_Os06g51
420 Sb10g031190.1 
Glyma10g3172
0 
Glyma20g3589
0 
  LjSGA_028354.1 
GSVIVT00013
867001 
estExt_fgenesh
4_pg.C_LG_IV
0304_817783 
341 AT2G36130 
estExt_fgenesh
1_pm.C_12004
9 
  LOC_Os08g44520 Sb07g024100.1 
Glyma03g3562
0 
Glyma19g3826
0 
    GSVIVT00021565001 
estExt_fgenesh
4_pm.C_LG_X
VI0258_83547
9 
355 AT3G18790 
estExt_fgenesh
1_pm.C_15800
13 
GRMZM2G02
4451 
LOC_Os02g39
050 Sb04g025200.1 
Glyma09g1883
0 
CR931743_20.
2 
chr3.CM0282.5
80.nc     
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
2.5 Proteins specific for  BDU1 complex 
45 
AT1G13350 
AT3G25840 
AT3G53640 
e_gw1.213.69.1 
|e_gw1.250.5.1 
GRMZM2G14
7811 
GRMZM2G15
1236 
LOC_Os12g44
330 Sb08g023260.1 
Glyma01g20810 
Glyma10g42220 
Glyma20g24820 
  LjSGA_025358.1 
GSVIVT00030
321001 
eugene3.00081
111_564516 
87 AT5G67320 estExt_gwp_gw1.C_1820056 
GRMZM2G14
9708 
GRMZM2G15
9330 
LOC_Os07g22
220 Sb06g001810.1 
Glyma04g04590 
Glyma05g21580 
Glyma11g05520 
Glyma17g18140 
CT573077_4
4.2 
chr2.CM0250.9
0.nc 
GSVIVT00019
608001 
gw1.V.4204.1_
208803 
estExt_Genewi
se1_v1.C_2050
013_746796 
127 AT3G52250 
estExt_fgenesh
1_pg.C_143003
1 
estExt_fgenesh
2_pg.C_108002
6 
fgenesh1_pg.sc
affold_2000404 
fgenesh1_pg.sc
affold_6100001
7 
GRMZM2G08
9406 
GRMZM2G44
7745 
LOC_Os05g03
550 Sb09g002290.1 
Glyma10g35670 
Glyma20g31870 
AC126015_4
.2 
LjSGA_013740
.2 
LjSGA_056209
.1 
GSVIVT00018
224001 
eugene3.00102
138_567580 
estExt_fgenesh
4_pg.C_LG_VI
II0326_820268 
194 AT3G54670 e_gw1.91.14.1 GRMZM2G416069   Sb07g023430.1 
Glyma10g04300 
Glyma13g18470   
LjT07J23.90.nd 
chr5.LjT15N12
.30.nc 
GSVIVT00028
583001 
eugene3.00051
316_559701 
293 AT2G41020 e_gw1.245.68.1 GRMZM2G168685 
LOC_Os01g68
760 Sb03g043740.1 Glyma02g22520   
LjSGA_058838
.1 
GSVIVT00023
325001 
grail3.0024018
601_652518 
301 AT1G49590 e_gw1.269.82.1 GRMZM2G080120 
LOC_Os06g11
170 Sb10g007260.1 
Glyma01g34940 
Glyma02g18640 
Glyma10g13810 
AC151621_3
9.2 
chr4.CM0079.1
20.nd   
estExt_fgenesh
4_pg.C_LG_IX
0581_821220 
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Table 1 (Continued) 
Cluster At Pp Zm Os Sb Gm Mt Lj Vv Pt 
2.6 Exon junction complex 
20 AT5G02530 AT5G59950 
e_gw1.4.224.1 
e_gw1.77.52.1 
estExt_fgenesh
1_pg.C_390001
4 
fgenesh1_pm.sc
affold_5700001
0 
GRMZM2G15
7329 
LOC_Os03g17
010 
LOC_Os11g01
020 
LOC_Os12g01
010 
Sb01g039330.1 
Glyma02g1038
0 
Glyma11g1504
0 
Glyma12g0701
0 
Glyma13g4093
0 
AC202518_8.1 
LjSGA_065336
.1 
LjT41B11.50.n
d 
GSVIVT00024
369001 
gw1.226.19.1_2
79773 
gw1.261.1.1_28
0851 
estExt_fgenesh
4_kg.C_LG_X0
079_814194 
estExt_fgenesh
4_pg.C_LG_I1
776_815363 
29 AT5G11170 AT5G11200 
estExt_gwp_gw
1.C_1230109 
fgenesh1_pg.sc
affold_3110000
13 
AC203862.4 
GRMZM2G08
8218 
LOC_Os01g36
890 
LOC_Os01g36
920 
Sb09g030730.2 
Glyma04g0718
0 
Glyma06g0728
0 
Glyma07g0353
0 
Glyma08g2257
0 
AC145331_38.
2 
AC147471_75.
2 
AC150787_35.
2 
chr5.CM0345.1
300.nc 
GSVIVT00000
354001 
GSVIVT00032
637001 
eugene3.00180
420_578196 
estExt_fgenesh
4_pg.C_LG_VI
1784_819597 
85 AT1G66260 AT5G37720   
GRMZM2G17
1921 
LOC_Os08g33
120 Sb07g020860.1 
Glyma11g3367
0 
Glyma18g0453
0 
CT963094_22.
2   
GSVIVT00022
454001 
gw1.IV.3602.1
_198513 
fgenesh4_pg.C
_LG_II002243
_756063 
134 AT1G51380 AT3G19760 
estExt_fgenesh
1_pm.C_51900
02 
fgenesh1_pm.sc
affold_2750000
06 
AC208348.3 
GRMZM2G01
8947 
GRMZM2G13
3764 
LOC_Os01g45
190 
LOC_Os03g36
930 
Sb04g038330.1 
Glyma09g0581
0 
Glyma15g1706
0 
    GSVIVT00037338001 
gw1.V.3381.1_
207980 
estExt_fgenesh
4_pm.C_LG_V
II0278_832316 
145 AT2G29210 
estExt_gwp_gw
1.C_550077 
estExt_gwp_gw
1.C_1810080 
  LOC_Os03g16369 
jgi|Sorbi1|4998
392|estExt_fgen
esh1_pg.C_chr
_14086 
Glyma11g1442
0 
Glyma12g0636
0 
AC202498_22.
1 
chr3.CM0792.1
50.nd 
GSVIVT00024
267001 
gw1.I.1146.1_1
72546 
gw1.IX.4052.1
_203587 
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155 AT1G02140 
estExt_fgenesh
1_kg.C_630004 
estExt_gwp_gw
1.C_1250022 
GRMZM2G00
0560 
LOC_Os12g18
880 Sb07g000840.1 
Glyma03g2579
0 
Glyma07g1373
0 
CU024868_41.
2 
chr3.LjT40N08
.180.nd 
GSVIVT00014
203001 
eugene3.00021
278_551963 
estExt_Genewi
se1_v1.C_4002
63_740188 
174 AT1G16610 
estExt_fgenesh
1_pm.C_35003
4 
estExt_fgenesh
1_pg.C_118010
4 
GRMZM2G06
0540 
GRMZM2G13
3926 
LOC_Os01g72
890 Sb03g046480.1 
Glyma08g1831
0 
Glyma15g4071
0 
  LjSGA_010297.2 
GSVIVT00025
760001 
estExt_fgenesh
4_pg.C_LG_XI
1221_823076 
209 AT1G51510 e_gw1.31.212.1 e_gw1.136.78.1 
AC233958.1 
GRMZM2G17
2399 
LOC_Os05g04
850 
Sb09g003130.1 
Sb03g015351.1 
Glyma01g4371
0 
Glyma11g0177
0 
  chr2.CM0018.160.nd 
GSVIVT00034
829001 
gw1.I.755.1_17
2155 
gw1.IX.3616.1
_203151 
268 AT1G15200 
e_gw1.313.11.1 
estExt_gwp_gw
1.C_360097 
GRMZM2G00
2558 
LOC_Os03g49
520 Sb01g010910.1 
Glyma08g1964
0 
Glyma15g0541
0 
AC157375_13.
2 
AC189276_1.1 
    
gw1.I.9946.1_1
81346 
gw1.III.2287.1_
415184 
2.7 Second step splicing factor 
177 AT1G03140 estExt_gwp_gw1.C_3420016 
GRMZM2G03
4651 
GRMZM2G03
4709 
GRMZM2G04
6916 
GRMZM2G05
3622 
GRMZM2G05
3642 
GRMZM2G07
3041 
LOC_Os07g38
420 Sb02g036950.1 
Glyma03g3113
0 
Glyma19g3397
0 
  chr4.LjT06I07.140.nd 
GSVIVT00023
725001 
eugene3.00051
177_559562 
178 AT1G10580 
fgenesh1_pg.sc
affold_3900000
01 
AC217887.3 
GRMZM2G08
5825 
LOC_Os03g27
970 Sb01g033210.1 
Glyma10g3358
0 
Glyma20g3401
0 
AC158374_19.
2 
LjSGA_009457
.2 
LjSGA_091062
.1 
GSVIVT00028
826001 
gw1.X.4645.1_
229948 
eugene3.00081
601_565006 
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230 AT1G65660 AT4G37120 
estExt_gwp_gw
1.C_200137 
GRMZM2G05
7026 
LOC_Os08g03
390 Sb07g002300.1 
Glyma07g1612
0 
Glyma18g4009
0 
  LjT09J10.40.nc GSVIVT00020268001 
eugene3.00150
272_574877 
fgenesh4_pg.C
_LG_XII00059
0_772815 
281 AT5G54520 e_gw1.39.102.1 
GRMZM2G09
0168 
GRMZM2G13
6014 
LOC_Os02g21
490 Sb08g003460.1 
Glyma12g1753
0 
Glyma20g2782
0 
  LjSGA_021138.1 
GSVIVT00027
473001 
estExt_Genewi
se1_v1.C_LG_
XIII2644_7302
61 
358 AT1G27900 estExt_gwp_gw1.C_1240010 
GRMZM2G00
0371 
LOC_Os11g20
554 Sb10g005130.1 
Glyma05g2785
0     
GSVIVT00035
061001 
fgenesh4_pm.C
_LG_X000172
_804866 
359 AT1G26370 e_gw1.89.8.1 GRMZM2G300375 
LOC_Os06g09
280   
Glyma01g0753
0 
Glyma02g1317
0 
    GSVIVT00030750001 
gw1.VIII.2834.
1_421406 
2.8 Other known splicing factors 
107 AT3G23900 
estExt_fgenesh
1_pg.C_180039 
fgenesh1_pg.sc
affold_8000015 
GRMZM2G05
6145 
GRMZM2G13
2936 
LOC_Os01g01
150 Sb03g009130.1 
Glyma05g2857
0 
Glyma08g1159
0 
  LjSGA_015470.1 
GSVIVT00023
519001 
fgenesh4_pg.C
_LG_I002433_
752830 
estExt_fgenesh
4_pg.C_880014
_827541 
115 AT1G20920 AT3G09620 e_gw1.307.20.1 
GRMZM2G03
0659 
LOC_Os08g05
810 
LOC_Os08g06
344 
Sb07g004090.1 
Glyma01g4396
0 
Glyma11g0143
0 
AC192707_12.
1   
GSVIVT00036
305001 
gw1.II.2965.1_
411630 
estExt_Genewi
se1_v1.C_LG_
V2253_715705 
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152 AT1G07350 
e_gw1.234.40.1 
gw1.3.275.1 
gw1.27.117.1 
gw1.21.172.1 
GRMZM2G07
3567 
LOC_Os03g15
890 Sb01g040100.1 
Glyma08g4520
0 
Glyma18g0750
0 
  LjB08M07.70.nc 
GSVIVT00002
571001 
GSVIVT00024
167001 
estExt_fgenesh
4_pm.C_LG_I
X0568_833248 
290 AT2G47330 e_gw1.257.4.1 
GRMZM2G09
0869 
GRMZM2G12
1871 
LOC_Os03g19
530 Sb01g037410.1 
Glyma03g3792
0 
Glyma19g4051
0 
AC155099_15.
2   
GSVIVT00028
128001 
eugene3.00021
857_552542 
312 AT4G31770 e_gw1.101.51.1 GRMZM2G461145 
LOC_Os03g51
540 Sb01g009610.1 
Glyma04g0631
0 
CU013524_29.
2 
chr1.CM0133.1
540.nc 
GSVIVT00015
037001 
estExt_fgenesh
4_pg.C_LG_X
VIII0523_8257
97 
3.1 SR protein kinase 
19 AT3G53570 AT4G24740   
GRMZM2G06
3792 
GRMZM2G17
9308 
GRMZM2G30
0990 
GRMZM2G38
6991 
LOC_Os01g62
080 
LOC_Os12g27
520 
Sb02g011360.1 
Sb04g024880.1 
Sb03g039230.2 
Glyma03g33100 
Glyma04g36360 
Glyma05g02740 
Glyma06g18530 
Glyma17g13440 
CT573420_3
5.2 
chr6.LjT34N14
.20.nd 
GSVIVT00023
119001 
GSVIVT00030
742001 
gw1.XII.1485.1
_423025 
eugene3.00160
734_576599 
fgenesh4_pm.C
_LG_VI000611
_802264 
estExt_fgenesh
4_pg.C_LG_X0
554_821865 
estExt_fgenesh
4_pg.C_LG_X
V0599_824707 
48 
AT3G44850 
AT3G53030 
AT5G22840 
gw1.29.50.1          
gw1.38.75.1         
gw1.248.16.1 
GRMZM2G00
9843 
GRMZM2G17
1987 
LOC_Os03g53
720 Sb01g008130.1 
Glyma10g07430 
Glyma12g08900 
Glyma12g30440 
Glyma13g21320 
Glyma17g05480 
AC174301_1
3.2 
chr1.CM0033.1
010.nc 
GSVIVT00021
715001 
GSVIVT00022
115001 
gw1.28.960.1_2
82386 
eugene3.00090
181_556921 
fgenesh4_pg.C
_scaffold_6600
0047_782432 
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69 AT2G17530 AT4G35500   
AC233910.1 
GRMZM2G05
2434 
GRMZM2G16
2086 
LOC_Os07g28
930 
LOC_Os09g37
949 
Sb02g032180.1 
Glyma01g36260 
Glyma09g33020 
Glyma11g09180 
Glyma16g21430 
CR932967_3
0.2 
CT033770_3
6.2 
LjSGA_015537
.1 
GSVIVT00019
335001 
eugene3.01860
014_586007 
fgenesh4_pg.C
_LG_V000420
_760368 
103 AT4G32660 
e_gw1.100.30.1 
e_gw1.132.89.1 
estExt_Genewi
se1.C_4250007 
GRMZM2G09
4039 
GRMZM2G36
6935 
LOC_Os01g40
840 Sb03g026540.1 Glyma06g08480 
AC135413_2
5.2 
CR956430_2
1.2 
chr1.LjT35C22.
10.nc 
GSVIVT00032
520001 
gw1.VI.2070.1
_417697 
3.2 Glycine-rich RNA binding proteins 
10 
AT3G23830 
AT4G13850 
AT5G61030 
estExt_fgenesh
1_pg.C_143000
7 
estExt_Genewi
se1.C_450174            
gw1.118.111.1 
gw1.118.113.1 
GRMZM2G00
9448 
GRMZM2G04
2118 
GRMZM2G13
1167 
GRMZM2G15
0521 
LOC_Os01g68
790 
LOC_Os07g41
120 
LOC_Os10g17
454 
LOC_Os12g31
800 
Sb03g043760.1 
Sb08g015580.1 
Glyma05g0040
0 
Glyma08g2690
0 
Glyma11g3658
0 
Glyma17g0863
0 
Glyma18g0048
0 
Glyma18g5015
0 
AC146705_26.
2 
LjT12A09.50.n
d 
chr1.CM0410.3
00.nd 
GSVIVT00016
201001 
gw1.82.38.1_29
6498 
gw1.XII.19.1_4
21559 
grail3.5873000
103_679310 
estExt_Genewi
se1_v1.C_LG_I
3371_707174 
estExt_fgenesh
4_pm.C_88000
7_836867 
30 AT2G21660 AT4G39260 
gw1.123.70.1 
gw1.136.87.1 
fgenesh1_pg.sc
affold_4200016
7 
GRMZM2G08
0603 
GRMZM2G16
5901 
LOC_Os03g46
770 
LOC_Os12g43
600 
Sb08g022740.1 
Sb01g012300.1 
Glyma06g0147
0 
Glyma11g1248
0 
Glyma11g1249
0 
Glyma11g1251
0 
AC134242_17.
2 
AC134242_43.
2 
chr1.CM0178.4
90.nc 
chr3.CM0091.6
30.nd 
chr3.CM0091.6
70.nd 
GSVIVT00036
381001 
gw1.IX.1795.1
_201330 
estExt_Genewi
se1_v1.C_LG_I
V0527_712972 
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3.3 hnRNP A/B family 
10 
AT3G23830 
AT4G13850 
AT5G61030 
estExt_fgenesh
1_pg.C_143000
7 
estExt_Genewi
se1.C_450174            
gw1.118.111.1 
gw1.118.113.1 
GRMZM2G00
9448 
GRMZM2G04
2118 
GRMZM2G13
1167 
GRMZM2G15
0521 
LOC_Os01g68
790 
LOC_Os07g41
120 
LOC_Os10g17
454 
LOC_Os12g31
800 
Sb03g043760.1 
Sb08g015580.1 
Glyma05g0040
0 
Glyma08g2690
0 
Glyma11g3658
0 
Glyma17g0863
0 
Glyma18g0048
0 
Glyma18g5015
0 
AC146705_26.
2 
LjT12A09.50.n
d 
chr1.CM0410.3
00.nd 
GSVIVT00016
201001 
gw1.82.38.1_29
6498 
gw1.XII.19.1_4
21559 
grail3.5873000
103_679310 
estExt_Genewi
se1_v1.C_LG_I
3371_707174 
estExt_fgenesh
4_pm.C_88000
7_836867 
30 AT2G21660 AT4G39260 
gw1.123.70.1 
gw1.136.87.1 
fgenesh1_pg.sc
affold_4200016
7 
GRMZM2G08
0603 
GRMZM2G16
5901 
LOC_Os03g46
770 
LOC_Os12g43
600 
Sb08g022740.1 
Sb01g012300.1 
Glyma06g0147
0 
Glyma11g1248
0 
Glyma11g1249
0 
Glyma11g1251
0 
AC134242_17.
2 
AC134242_43.
2 
chr1.CM0178.4
90.nc 
chr3.CM0091.6
30.nd 
chr3.CM0091.6
70.nd 
GSVIVT00036
381001 
gw1.IX.1795.1
_201330 
estExt_Genewi
se1_v1.C_LG_I
V0527_712972 
3.4 Other hnRNPs (with animal homologs) 
38 AT2G44710 
e_gw1.118.143.
1 
e_gw1.164.69.1 
e_gw1.327.24.1 
GRMZM2G01
9919 
LOC_Os04g45
930 Sb06g024100.2 
Glyma02g0559
0 
Glyma03g2563
0 
Glyma07g1321
0 
Glyma09g3802
0 
Glyma16g2415
0 
Glyma18g4836
0 
AC149129_30.
2 
AC149546_31.
2 
AC202489_16.
1 
LjSGA_046453
.1 
GSVIVT00019
044001 
GSVIVT00036
809001 
gw1.VII.3894.1
_219589 
gw1.40.228.1_2
86468 
gw1.II.3649.1_
412314 
estExt_Genewi
se1_v1.C_5702
76_741275 
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43 AT3G52660   
GRMZM2G07
5942 
GRMZM2G10
1867 
LOC_Os11g04
390 
LOC_Os12g04
180 
Sb05g002300.1 
Glyma03g3545
0 
Glyma11g1894
0 
Glyma12g0953
0 
AC139854_19.
2 
AC157373_30.
2 
chr1.CM0010.5
0.nc 
GSVIVT00037
346001 
gw1.IX.311.1_
199846 
gw1.XVI.2514.
1_256575 
gw1.66.466.1_2
93793 
estExt_Genewi
se1_v1.C_LG_
VI2287_71769
2 
61 AT1G03457 AT4G03110 
estExt_fgenesh
1_pm.C_17500
01                     
e_gw1.12.73.1 
GRMZM2G00
5459 
GRMZM2G17
7001 
LOC_Os01g71
200 
LOC_Os05g30
980 
Sb03g045340.1 
Sb09g018610.1 
Glyma02g1709
0 
Glyma03g3665
0 
Glyma10g0270
0 
Glyma19g3930
0 
    GSVIVT00023607001 
gw1.XIV.2763.
1_246020 
fgenesh4_pm.C
_LG_II000962
_799273 
64 AT4G00830 estExt_Genewise1.C_1480019 
GRMZM2G10
3430 
LOC_Os10g06
130 
LOC_Os11g14
430 
Sb07g001490.1 
Glyma03g4215
0 
Glyma19g4486
0 
  chr1.CM0105.460.nc 
GSVIVT00026
153001 
gw1.XIV.1890.
1_245147 
104 AT4G16280 e_gw1.158.95.1   gw1.47.198.1 
GRMZM2G06
5276 
LOC_Os09g03
610 Sb02g014690.2 
Glyma07g3663
0 
Glyma17g0396
0 
AC135100_25.
2 
AC174143_20.
2 
chr4.CM0333.8
0.nd 
GSVIVT00033
168001 
gw1.X.653.1_2
25956 
135 AT3G26420 e_gw1.26.120.1 e_gw1.128.62.1 AC196125.3 
LOC_Os03g61
990 Sb01g002150.2  
Glyma05g2496
0 
Glyma08g0805
0 
AC187356_26.
2 
chr4.CM0337.6
90.nc 
GSVIVT00002
259001 
gw1.I.15.1_171
415 
237 AT1G50300 
estExt_fgenesh
2_pg.C_148003
3 
AC233865.1 
LOC_Os07g19
560 
LOC_Os09g12
800 
Sb02g032160.1 
Glyma11g1106
0 
Glyma12g0326
0 
  LjSGA_030792.1 
GSVIVT00021
239001 
gw1.X.1182.1_
226485 
eugene3.00080
785_564190 
253 AT3G04610 gw1.150.78.1       gw1.51.212.1 
GRMZM2G41
7223 
LOC_Os03g42
900 Sb01g014200.1 
Glyma03g4084
0 
Glyma19g4354
0 
  chr1.CM0600.370.nd 
GSVIVT00002
157001 
estExt_Genewi
se1_v1.C_LG_
XIII1582_7298
65 
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279 AT5G66010 e_gw1.462.8.1 GRMZM2G159028 
LOC_Os11g03
890 
LOC_Os12g03
710 
Sb09g029780.1 
Sb09g029770.1 
Glyma09g3309
0 
Glyma16g2229
0 
    GSVIVT00008733001 
grail3.0026035
501_650984 
300 AT1G60650 AT5G04280   
GRMZM2G08
3783 
GRMZM2G16
1242 
LOC_Os03g47
800 Sb01g011910.1 
Glyma10g4232
0 
Glyma20g2473
0 
    GSVIVT00018120001 
estExt_Genewi
se1_v1.C_LG_
X2845_725079 
319 AT2G47310         
Glyma03g3795
0 
Glyma19g4057
0 
AC135465_37.
2 
AC155099_33.
2 
LjT32M01.240.
nd 
GSVIVT00028
139001 
fgenesh4_pg.C
_LG_II001853
_755673 
335 AT3G20890   GRMZM2G159028     
Glyma08g4506
0 
Glyma18g0786
0 
CT009558_56.
2 
chr6.LjT30N23
.10.nd 
GSVIVT00024
603001 
gw1.I.1527.1_1
72927 
estExt_fgenesh
4_pg.C_LG_IX
1049_821449 
3.5 Other plant hnRNPs 
42 AT4G16830 AT4G17520 
estExt_fgenesh
1_pg.C_450162 
estExt_fgenesh
2_pg.C_970090 
GRMZM2G05
5276 
GRMZM2G11
6282 
GRMZM2G46
4401 
LOC_Os01g52
390 
LOC_Os05g51
180 
Sb09g030400.1 
Sb03g027110.1 
Sb03g033140.1 
Glyma03g2610
0 
Glyma07g1390
0 
Glyma09g3785
0 
Glyma18g4862
0 
AC151423_6.2 chr1.LjT29L18.90.nd 
GSVIVT00004
557001 
GSVIVT00011
423001 
gw1.40.277.1_2
86517 
estExt_fgenesh
4_pm.C_LG_II
0615_830328 
estExt_fgenesh
4_pm.C_LG_II
I0192_830730 
estExt_fgenesh
4_pm.C_29004
0_836308 
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50 AT1G17370 AT3G14100   
GRMZM2G09
0908 
LOC_Os07g42
380 
LOC_Os11g40
510 
Sb05g024850.1 
Glyma07g0464
0 
Glyma13g1720
0 
Glyma16g0123
0 
Glyma17g0553
0 
AC144483_30.
2   
GSVIVT00016
402001 
GSVIVT00034
047001 
gw1.28.172.1_2
81598 
grail3.0037000
401_645804 
grail3.0158002
202_673211 
51 
AT1G11650 
AT4G27000 
AT5G54900 
  
GRMZM2G00
2874 
GRMZM2G42
6591 
LOC_Os03g37
270 
LOC_Os08g09
100 
Sb01g016170.1 
Glyma07g3894
0 
Glyma13g2757
0 
Glyma15g1138
0 
Glyma17g0180
0 
AC152402_23.
2 
AC202500_12.
1 
chr4.CM1334.1
50.nc 
chr6.CM0139.7
80.nd 
GSVIVT00027
337001 
grail3.0055015
001_663393 
estExt_Genewi
se1_v1.C_LG_I
V1715_713522 
estExt_Genewi
se1_v1.C_LG_
XI0522_72711
0 
123 AT5G19350 
estExt_Genewi
se1.C_3910068                    
gw1.219.6.1      
gw1.339.2.1 
GRMZM2G14
2557 
LOC_Os03g07
800 Sb01g045570.1 
Glyma11g1415
0 
Glyma12g0612
0 
Glyma13g4150
0 
AC146330_10.
2   
GSVIVT00024
620001 
gw1.IX.3509.1
_203044 
148 AT1G47490 AT1G47500   
GRMZM2G16
8163 
GRMZM2G46
7907 
LOC_Os09g28
810 Sb02g026820.1 
Glyma04g0395
0 
Glyma14g0884
0 
Glyma17g3633
0 
CU457783_12.
1 
chr5.CM0089.1
140.nc 
GSVIVT00014
763001 
gw1.40.622.1_2
86862 
fgenesh4_pm.C
_LG_II000590
_798901 
325 AT1G49600 AT3G19130         
Glyma02g1519
0 
Glyma07g3330
0 
AC127168_20.
2 
AC151621_30.
2 
chr4.CM0079.1
70.nc 
GSVIVT00036
552001 
estExt_Genewi
se1_v1.C_1300
118_744254 
fgenesh4_pg.C
_LG_IX000590
_767539 
419 
AT2G19380 
AT2G22090 
AT2G22100 
                  
480 AT5G47210                   
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Table 2 - Novel Splicing-related proteins in 10 plants 
Gene names were from kept consistent with names used in PlantGDB (www.plantgdb.org). The first column is the number of OthoMCL clusters 
and the other columns are plant species. Each row represents the orthologous genes in the same clusters for each species.  
Table 2 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
ATP binding / ATP-dependent helicase/ RNA binding / 
41 AT5G26742 
e_gw1.7.51.1 
e_gw1.54.23.1 
gw1.163.50.1 
gw1.7.306.1 
GRMZM2G163
072 
GRMZM2G415
491 
LOC_Os03g612
20 e_gw1.1.172.1 
Glyma03g38550 
Glyma10g28100 
Glyma19g41150 
Glyma20g22120 
AC149038_14.2 
AC166743_6.2 
LjB06P23.40.n
c 
chr5.CM0048.
280.nc 
GSVIVP000
22481001 
gw1.131.1.1_
267999 
gw1.131.22.1
_268020 
218 AT1G77030 gw1.409.31.1  LOC_Os08g32090 Sb07g020310 
Glyma03g00350 
Glyma16g34790 AC171618_38.2  
GSVIVP000
14339001 
gw1.V.119.1_
204718 
ATP-dependent RNA helicase 
14 
AT2G45810 
AT3G61240 
AT4G00660 
e_gw1.87.104.1 
fgenesh1_pg.sca
ffold_80000086 
GRMZM2G086
116 
GRMZM2G129
007 
LOC_Os02g428
60 
LOC_Os04g450
40 
LOC_Os10g359
90 
estExt_Genewis
e1.C_chr_13759 
estExt_Genewis
e1.C_chr_13764 
Glyma03g01500 
Glyma03g01530 
Glyma07g07920 
Glyma07g07950 
Glyma09g39710 
AC123899_5.2 
AC123899_6.2 
AC123899_9.2 
 
GSVIVP000
00382001 
GSVIVP000
26802001 
estExt_Genew
ise1_v1.C_LG
_XIV1157_73
1050 
fgenesh4_pg.
C_LG_II0014
53_755273 
99 AT5G60990 estExt_gwp_gw1.C_280025 
GRMZM2G075
027 
LOC_Os03g466
10 Sb01g049070 Glyma03g01710 
AC146793_7.2 
AC174377_7.2  
GSVIVP000
13119001 
gw1.VII.2601.
1_218296 
estExt_fgenes
h4_pm.C_LG
_VI0759_832
135 
294      Glyma06g21800   GSVIVP00016255001  
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
ATP-dependent RNA or DNA unwinding 
239  
e_gw1.182.41.1 
estExt_Genewis
e1.C_2010071 
GRMZM2G319
509 
LOC_Os02g505
60 Sb04g028500   
chr2.CM0028.
190.nc   
DEAD box RNA helicase 
6 
AT2G42520 
AT3G58510 
AT3G58570 
estExt_fgenesh1
_pm.C_1730006 
gw1.243.16.1 
estExt_fgenesh1
_pg.C_1630086 
gw1.48.53.1 
GRMZM2G035
807 
GRMZM2G092
327 
GRMZM2G403
636 
LOC_Os03g590
50 
LOC_Os07g102
50 
LOC_Os11g386
70 
e_gw1.2.1995.1 
estExt_Genewis
e1Plus.C_chr_1
0926 
Glyma02g26630 
Glyma05g28770 
Glyma08g11920 
Glyma09g15940 
Glyma11g36440 
Glyma13g23720 
Glyma17g12460 
Glyma18g00370 
AC146760_21.2 
AC157983_23.2 
AC166093_19.2 
AC202469_2.1 
AC202570_8.1 
 
GSVIVP000
03716001 
GSVIVP000
16872001 
GSVIVP000
24762001 
GSVIVP000
25435001 
gw1.I.6556.1_
177956  
|eugene3.0016
0548_576413 
estExt_Genew
ise1_v1.C_LG
_III2630_712
751 
estExt_Genew
ise1_v1.C_LG
_VI2083_717
593 
163 AT3G09720 gw1.32.167.1 GRMZM2G083580 
LOC_Os07g453
60 
estExt_fgenesh1
_pg.C_chr_2387
5 
Glyma03g33590 
Glyma19g36300 AC124963_17.2 
chr1.CM0033.
480.nc 
GSVIVP000
23153001 
eugene3.0125
0042_581044 
200 AT3G46960 estExt_Genewise1.C_4060018 
GRMZM2G024
882 
LOC_Os02g065
00 |e_gw1.4.871.1 Glyma18g07510  
LjB08M07.30.
nc 
LjB08M07.50.
nc 
GSVIVP000
24171001 
estExt_Genew
ise1_v1.C_LG
_IX3922_723
138 
202 AT3G02065 estExt_fgenesh1_pg.C_620070 
GRMZM2G085
587 
LOC_Os02g107
70 Sb04g006980 
Glyma02g07540 
Glyma16g26580     
221 AT1G16280 estExt_Genewise1.C_1970079  
LOC_Os07g439
80 
e_gw1.2.20252.
1 
Glyma08g17620 
Glyma15g41500 AC138448_23.2  
GSVIVP000
02064001 
gw1.VIII.2112
.1_420684 
224  
e_gw1.119.19.1 
e_gw1.119.18.1 
e_gw1.728.2.1 
estExt_fgenesh1
_pg.C_5270001 
   Glyma11g31380   GSVIVP00023931001 
estExt_Genew
ise1_v1.C_LG
_XIII0287_72
9255 
estExt_fgenes
h4_pg.C_LG_
XIX0940_826
310 
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
299   GRMZM2G357923    AC152158_16.2  
GSVIVP000
28045001  
308   GRMZM2G091652 
LOC_Os06g400
20 Sb10g023440      
311   GRMZM2G028366 
LOC_Os02g128
40 e_gw1.4.2415.1      
380 AT5G65900        GSVIVP00017610001  
Heterogeneous nuclear ribonucleoprotein 27C 
357         GSVIVP00037180001 
grail3.006102
0502_664446 
KH domain containing protein 
179   
GRMZM2G120
973 
GRMZM2G131
839 
LOC_Os10g352
20     
GSVIVP000
38217001 
eugene3.0123
0085_580795 
204 AT1G51580   LOC_Os09g32300  
Glyma04g09300 
Glyma06g09460 
Glyma08g23710 
AC135800_18.
2 
AC157757_20.
2 
chr1.CM0233.
590.nc  
gw1.X.3143.1
_228446  
eugene3.0002
1041_551726 
225      
Glyma03g31670 
Glyma10g03910 
Glyma19g34470 
 LjSGA_010787.1 
GSVIVP000
23873001  
249   GRMZM2G085582 
LOC_Os05g402
90 
estExt_Genewis
e1Plus.C_chr_9
6735 
     
258   GRMZM2G130095 
LOC_Os12g405
60 
e_gw1.8.14277.
1   
chr1.CM0375.
250.nd   
267   
AC218972.3 
GRMZM2G093
006 
LOC_Os01g602
60 
estExt_Genewis
e1Plus.C_chr_3
9554 
     
278 AT5G46190     Glyma05g27340 Glyma08g10330    
gw1.IV.2473.
1_197384 
288      Glyma11g31530 Glyma18g05680 
AC147002_39.
2    
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
293         GSVIVP00036937001 
gw1.X.1072.1
_226375   
gw1.VIII.1005
.1_419577 
305   GRMZM2G108677 
LOC_Os03g601
10 
estExt_Genewis
e1Plus.C_chr_1
0739 
     
319 AT1G14170          
323          
fgenesh4_pg.
C_LG_XIII00
0538_774084 
fgenesh4_pm.
C_LG_XIX00
0281_809716 
356      Glyma02g15850     
367   GRMZM2G162992        
372   GRMZM2G075039  Sb01g022040      
LSM domain containing protein 
307   GRMZM2G092429 
LOC_Os04g368
10 
estExt_Genewis
e1.C_chr_65346      
mRNA 3-UTR binding protein 
178  e_gw1.84.182.1 gw1.84.45.1 
GRMZM2G166
355 
LOC_Os08g408
80 Sb07g027050 Glyma06g08200 CT868696_6.2 
chr1.LjT36G06
.30.nc 
GSVIVP000
32377001 
eugene3.0147
0085_583200 
estExt_fgenes
h4_pm.C_193
0016_837528 
PEP (PEPPER); RNA binding / nucleic acid binding 
157 AT4G26000  
GRMZM2G119
146 
GRMZM2G180
909 
LOC_Os10g414
40 Sb01g028800 
Glyma09g06750 
Glyma13g00510 
Glyma17g06640 
AC151665_25.2 chr4.CM0244.150.nd 
GSVIVP000
06796001 
gw1.193.46.1
_277196 
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
PMH1 (PUTATIVE MITOCHONDRIAL RNA HELICASE 1); ATP-dependent helicase/ DNA binding / RNA binding 
59 AT3G22310 AT3G22330  
GRMZM2G107
984 
GRMZM2G136
644 
LOC_Os07g050
50 
LOC_Os12g417
15 
Sb02g002790 
Sb08g021180 
Glyma02g45030 
Glyma08g41510 
Glyma14g03760 
Glyma18g14670 
CT485797_31.2 LjB12O06.130.nc 
GSVIVP000
18949001 
gw1.XVI.956.
1_255017 
estExt_fgenes
h4_pg.C_LG_
VI0209_8189
68 
Polyadenylate-binding protein 
274   
GRMZM2G055
018 
GRMZM2G310
362 
LOC_Os06g389
80 Sb10g022900      
PRH75; ATP-dependent helicase/ DEAD/H-box RNA helicase binding 
141 AT5G62190 e_gw1.67.40.1 
GRMZM2G149
520 
GRMZM2G164
956 
LOC_Os09g349
10 
estExt_fgenesh1
_kg.C_chr_2023
2 
Glyma10g38680 
Glyma20g29060 AC149304_13.2  
GSVIVP000
38510001 
fgenesh4_pm.
C_LG_XII000
481_806661 
estExt_fgenes
h4_pg.C_LG_
XV1043_8248
89 
RNA helicase           
206 AT1G31970 estExt_Genewise1.C_270066 
GRMZM2G076
484 
LOC_Os07g205
80 
estExt_fgenesh1
_pg.C_chr_2109
3 
Glyma01g01390 
Glyma09g34390 CU459038_20.1  
GSVIVP000
03606001 
estExt_Genew
ise1_v1.C_LG
_III1770_712
352 
290      Glyma06g22000 CU182773_12.1   
fgenesh4_pg.
C_scaffold_82
000026_7830
71 
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
RNA processing and the regulation of transcription 
247  
fgenesh2_pg.sca
ffold_11900002
4 
   Glyma05g03110 Glyma17g13750 AC135505_41.2    
322          
fgenesh4_pm.
C_LG_XV000
273_808062 
estExt_fgenes
h4_pm.C_LG
_XII0344_834
350 
RNA-binding protein 
286       AC148482_23.2 AC148526_13.2 
chr6.LjT16B20
.40.nc   
325          
gw1.XVI.665.
1_254726 
estExt_fgenes
h4_pg.C_LG_
VI0143_8189
53 
310   GRMZM2G043150  Sb08g001290      
RNA-binding protein AKIP1-like 
359         GSVIVP00019425001 
eugene3.0005
0207_558592 
360         GSVIVP00017425001 
fgenesh4_pg.
C_LG_I00159
0_751987 
RNA-binding protein cp29 
262 AT3G55920     Glyma11g35280 Glyma18g03120   
GSVIVP000
29291001 
grail3.002201
3501_659517 
RRM containing protein 
46 AT1G20880 AT1G76460  
GRMZM2G042
195GRMZM2G
092493 
LOC_Os02g483
40 
LOC_Os06g417
90 
Sb04g030020 
Sb10g024450 
Glyma04g01590 
Glyma06g01670 AC131026_44.2 
chr1.CM0150.
310.nc 
GSVIVP000
02935001 
eugene3.0002
0041_550726 
grail3.000208
3101_652263 
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
223      Glyma02g15810 Glyma07g32660  
LjT18N19.10.n
d  
gw1.XI.3343.
1_235363 
estExt_Genew
ise1_v1.C_LG
_IV2768_713
853 
250   GRMZM2G052569 
LOC_Os04g544
40 Sb06g030090      
259   
GRMZM2G127
510GRMZM2G
169615 
LOC_Os07g333
30       
264 AT2G37220  GRMZM2G042683 
LOC_Os03g259
60 
estExt_Genewis
e1Plus.C_chr_1
8851 
   GSVIVP00023204001  
273   GRMZM2G069678 
LOC_Os04g376
90 
estExt_Genewis
e1.C_chr_46466 
e_gw1.6.13460.
1 
     
276   GRMZM2G012628 
LOC_Os04g534
40 
e_gw1.6.16770.
1      
301   GRMZM2G158835 
LOC_Os07g438
10 
estExt_fgenesh1
_kg.C_chr_2037
0 
     
302   GRMZM2G158462 
LOC_Os08g442
90 
estExt_Genewis
e1Plus.C_chr_7
7129 
     
303   GRMZM2G153526      
GSVIVP000
20992001  
306   GRMZM2G107745 
LOC_Os03g597
10 Sb01g003790      
326          
gw1.XIV.172.
1_243429  
gw1.II.4036.1
_412701 
332    LOC_Os07g46820       
335    LOC_Os04g02870       
339    LOC_Os01g64770       
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
355   Glyma03g01920        
358    LOC_Os07g08320     
GSVIVP000
27062001  
364   GRMZM2G180639        
369   
GRMZM2G09403
9GRMZM2G3669
35 
       
370   GRMZM2G094039        
371   
GRMZM2G07997
4GRMZM2G1275
10 
       
375   GRMZM2G056145  Sb03g009130      
393 AT1G54080          
376   
GRMZM2G05292
6GRMZM2G0701
13 
       
378   GRMZM2G037226        
Splicing factor 
284    LOC_Os01g06290       
321     
gw1.6.1450.1 
fgenesh1_pg.C_
chr_8000390 
     
336    LOC_Os03g49430 
estExt_Genewis
e1.C_chr_12224      
Splicing factor 1 (SF1) K homology RNA-binding domain (KH) 
89 AT4G26480AT5G56140 
estExt_fgenesh1
_pm.C_2690009 
estExt_gwp_gw
1.C_680211 
estExt_Genewis
e1.C_2260018 
GRMZM2G029
029GRMZM2G
092182 
LOC_Os02g490
80 
estExt_Genewis
e1.C_chr_47755 
Glyma04g12370 
Glyma06g48070 CT963080_2.2 
chr3.CM0047.
410.nc 
GSVIVP000
33451001 
grail3.005101
7601_642696 
grail3.014000
2001_672144 
256      Glyma02g40440 Glyma14g38730 
AC149600_29.2 
CU459032_31.1    
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Table 2 (Continued) 
New Cluster At Pp Zm Os Sb Gm Mt Lj VV Pt 
Splicing factor U2AF 
177   GRMZM2G177229 
LOC_Os09g314
82 
estExt_fgenesh1
_pg.C_chr_2252
8 
     
Splicing factor U2af 38 kDa subunit 
292      Glyma03g34840Glyma19g37530  
chr1.CM0378.
200.nd   
Splicing factor U2af large subunit B 
324          
grail3.004602
0601_647996 
grail3.012400
1701_670968 
U2 small nuclear ribonucleoprotein A 
337    LOC_Os02g13990       
WD domain pre-mRNA processing 
289    
LOC_Os05g166
60 
LOC_Os08g216
60 
 Glyma09g36870     
WD40 domain, pre-mRNA processing 
354      Glyma06g04670     
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Table 3 - Species/clade specific proteins of Novel Splicing-
related proteins in 10 plants 
Gene names are consistent with names used in PlantGDB (www.plantgdb.org). For 
species specific proteins, the first column is the number of OthoMCL clusters, the second 
column is plant species, and the third column is gene family. For monocots specific 
proteins, the first column is the number of OthoMCL clusters, the following three columns 
represent Os, Zm, and Sb, respectively, and the last column represent gene family. Each 
row represents the gene ID and family in each species.  
At Specific genes   
Cluster At Group 
319 AT1G14170 KH domain containing protein 
393 AT1G54080 RRM containing protein 
Gm Specific genes   
Cluster Gm Group 
354 Glyma06g04670 WD40 domain, pre-mRNA processing 
355 Glyma03g01920 RRM containing protein 
356 Glyma02g15850 KH domain containing protein 
Os specific genes   
Cluster Os Group 
332 LOC_Os07g46820 RRM containing protein 
335 LOC_Os04g02870 RRM containing protein 
337 LOC_Os02g13990 U2 small nuclear ribonucleoprotein A 
339 LOC_Os01g64770 RRM containing protein 
358 LOC_Os07g08320 RRM containing protein 
Pt specific genes   
Cluster Pt Group 
322 
fgenesh4_pm.C_LG_XV000273_808
062 
estExt_fgenesh4_pm.C_LG_XII0344_
834350 RNA processing and the regulation of transcription. 
323 
fgenesh4_pg.C_LG_XIII000538_7740
84 
fgenesh4_pm.C_LG_XIX000281_809
716 KH domain containing protein 
324 
grail3.0046020601_647996 
grail3.0124001701_670968| Splicing factor U2af large subunit B 
325 
gw1.XVI.665.1_254726 
estExt_fgenesh4_pg.C_LG_VI0143_8
18953 RNA-binding protein 
326 
gw1.XIV.172.1_243429 
gw1.II.4036._4127011 RRM containing protein 
Sb specific genes  
Cluster Sb Group 
321 
gw1.6.1450.1_3999143 
fgenesh1_pg.C_chr_8000390_49886
17 Splicing factor 
Zm specific genes  
Cluster Zm Group 
364 GRMZM2G180639 RRM containing protein 
367 GRMZM2G162992 KH domain containing protein 
369 
GRMZM2G094039 
GRMZM2G366935 RRM containing protein 
370 GRMZM2G094039 RRM containing protein 
371 
GRMZM2G079974 
GRMZM2G127510 RRM containing protein 
117 
 
 
376 
GRMZM2G052926 
GRMZM2G070113 RRM containing protein 
378 GRMZM2G037226 RRM containing protein 
 
Monocots Specific genes     
Cluster Os Zm Sb Group 
301 LOC_Os07g43810 GRMZM2G158835 
estExt_fgenesh1_kg.C_chr_203
70 
RRM containing 
protein 
302 LOC_Os08g44290 GRMZM2G158462 
estExt_Genewise1Plus.C_chr_7
7129 
RRM containing 
protein 
305 LOC_Os03g60110 GRMZM2G108677 
estExt_Genewise1Plus.C_chr_1
0739 
KH domain 
containing 
protein 
306 LOC_Os03g59710 GRMZM2G107745 Sb01g003790 
RRM containing 
protein 
307 LOC_Os04g36810 GRMZM2G092429 
estExt_Genewise1.C_chr_6534
6 
LSM domain 
containing 
protein 
308 LOC_Os06g40020 GRMZM2G091652 Sb10g023440 
DEAD box RNA 
helicase 
311 LOC_Os02g12840 GRMZM2G028366 e_gw1.4.2415.1 
DEAD box RNA 
helicase 
267 LOC_Os01g60260 GRMZM2G093006 
estExt_Genewise1Plus.C_chr_3
9554 
KH domain 
containing 
protein 
273 LOC_Os04g37690 GRMZM2G069678 
estExt_Genewise1.C_chr_4646
6 e_gw1.6.13460.1 
RRM containing 
protein 
274 LOC_Os06g38980 
GRMZM2G055018 
GRMZM2G310362 Sb10g022900 
polyadenylate-
binding protein 
276 LOC_Os04g53440 GRMZM2G012628 e_gw1.6.16770.1 
RRM containing 
protein 
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CHAPTER 3: GENERAL CONCLUSION 
This study identified a total of 3545 splicing-related proteins in 10 plant 
species, including 412 proteins of Arabidopsis thaliana (At), 579 proteins of 
Glycine max (Gm), 248 proteins of Lotus japonicus (Lj), 296 proteins of Medicago 
truncatula (Mt), 316 proteins of Rice Oryza sativa (Os), 330 proteins of 
Physcomitrella patens (Pp), 430 proteins of Populus trichocarpa (Pt), 307 
proteins of Sorghum bicolour (Sb), 270 proteins of Vitis vinifera (Vv), and 365 
proteins of Zea mays (Zm). In addition, 17 more splicing-related proteins in 
Arabidopsis were identified comparing the previous identified 395 splicing-related 
proteins. Among these splicing-related proteins, 43.16% of them are conserved in 
all 10 plants, 67 proteins are Arabidopsis specific, 10 proteins are dicots specific, 
and 44 proteins are missing in Pp (moss).  In addition, novel splicing-related 
proteins that are not clustered into any existed clusters were identified and 
classified into 25 families based on domain motif and literature searches. All 
homologs of splicing-related proteins in 10 plant species were classified into five 
categories including small nuclear ribonucleoprotein, splicing factor, splicing 
regulation factor, novel spliceosome proteins, and possible splicing-related 
proteins (this category including possible novel splicing related proteins, not 
previously described). Our web-accessible database containing splicing-related 
proteins of 10 plants species and associated information of these proteins is 
available at SRGD web site [48], which displays gene families, homologs of 
Homo sapiens and Drosophila, gene name, gene structures, chromosomal 
locations, strands direction, domains, common intron positions and types (as 
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shown in Supplementary Table 1 and also accessible via a Group function on 
SRGD web [67]),  species/clade specific splicing-related genes, and novel 
splicing-related proteins. This integrated web source can provide a good platform 
to study splicing-related proteins in genome-wide analysis, including detailed 
information about splicing-related genes, e.g., which gene is conserved among all 
plants, which gene is unique to particular plant lineage, which gene is an ancient 
one, how these genes duplicate in the whole evolution course, etc. 
Our survey on these splicing-related proteins shows that splicing-related 
genes have high gene duplication ratio and the higher level plants have higher 
gene duplication ratio. Besides, this study presents conserved splicing-related 
proteins in all 10 plants, Arabidopsis specific proteins, dicots specific proteins, 
and moss missing proteins, providing plant researchers an insight to study 
splicing-related proteins of interest from a genome-wide analysis datasets. The 
higher frequency of alternatively spliced events of splicing-related genes than the 
overall genes will also provide new perspective in regulation of RNA splicing by 
splicing-related proteins. Specific intron positions and types in some genes 
promote the future research on intron gain or loss in evolutionary course of plant 
lineage. Our identification and survey of splicing-related proteins in 10 plants 
highlight the importance of splicing-related proteins that regulate splicing by the 
formation of stable protein-RNA complexes.  
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